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INTRODUCTION 
During the s~~er of 1932 Loyola University organized 
special classes for remedial work in reading and arithmetic 
in conjunction with the Demonstration School that has been for 
some years a part of the summer school. Eight teachers were 
given charge of fifty-six pupils. Each teacher was privileged 
to call upon student teachers from the Demonstration School if 
she felt that any pupil needed more individual attention than 
she could give him. The children, therefore, were given close 
and very individual attention during the entire five-weeks' 
session, and the eight teachers kept complete records of all 
that was done, in order to be prepared to present reports on 
different aspects of the problems that arose. This paper 
attempts to present a psychological study of the improvement in 
computation in the fundamental processes of six pupils taught 
by the writer. The students worked ninety minutes daily for a 
period of five weeks. None of the pupils in this group was 
seriously handicapped mentally or physically, but the parents 
and teachers of each felt that remedial work in the fundamental 
processes was necessary. 
The week preceding the opening of the term was given to 
testing. Each pupil was given the Binet Simon Test by an 
experienced tester. The children over eight years of age were 
examined by Dr. McMillan, physician for the Board of Education 
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of Chicago. The members of the arithmetic group were given the 
New Stanford Test in Reading: Form V and the Compass Survey 
and Compass Diagnostic Tests in Arithmetic. After a close 
study of the results of these tests the teachers felt that they 
were well acquainted with the pupils before the actual teaching 
began. 
After the first week the pupils were divided into four 
groups on the basis of similarity of study needs evidenced by 
likeness in error types and identity in grade levels. As the 
work progressed it became evident that the retardation, in most 
cases, was not due to intellectual handicaps, but rather to 
short attention span, limited memory span, emotional disturb-
ance, lack of individual attention, careless study habits, or 
a combination of some of these factors. 
The teacher made an effort to teach psychologically rather 
than logically, to analyze the steps in the fundamental pro-
cesses, and to acquaint herself with the typical error types. 
At the close of the term other forms of the reading and 
arithmetic tests mentioned previously were administered to 
each pupil. 
Before presenting the individual case studies, the results 
of recent research on the factors which should characterize 
remedial work are being silllli~arized. Among those who have con-
tributed most to this field are Leo J. Brueckner (1:337), 
Edward L. Thorndike (20:367) - (21:260), Frederick B. Knight 
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(12:63-91), and Worth J. Osborn (16:178). It has been the aim 
of the writer to control the desire of appearing erudite beca~ 
of the citation of numerous authors, and to confine herself to 
a few whose contributions are of major importance. 
CHAPTER I 
THE LOGICAL VERSUS THE PSYCHOLOGICAL 
IN ARITHMETIC 
L ___ ------J 
CHAPTER I 
The field of arithmetic has experienced remarkable changes 
during the last twenty years. A readjustment and a re-evalua-
tion of the many phases of the subject have gone on constantly. 
content, teaching methods, courses of study, textbooks, and 
drill materials are being examined in a manner unknown two 
decades ago. Of all these changes, the most significant is, 
perhaps, that from the logical to the psychological viewpoint 
in teaching methods (19:21). 
Until recently most of the materials of the elementary 
curriculum were logically organized and ridigly taught by 
formal methods. The mind-training resulting from the study of 
a certain subject was sufficient reason for the presence of 
that subject or topic in the curriculum. Many arithmetical 
processes were taught for their own sakes and not as a satis-
faction of human needs. Although considerable emphasis was 
placed upon reasoning, an essential part of almost every exer-
cise was memory training. 
Among educators there has been a slavish demand for system 
for system's sake. Teachers of the more modern type maintain 
that this idea is only a scholar's idol. In later life the 
student may find it worth while to arrange his learning into a 
logical system. The simplicity and balance, the logical beauty 
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and progress and organization of a course of study are wasted 
on the young pupil. Very little of the symmetry and system of 
the older sort is left to the organization after the newer 
methods have made it over to suit the learner's needs. That 
which was one topic may be scattered over the entire course. 
The logical entirety of a topic may be completely destroyed by 
omitting a part that has been inserted merely to complete the 
scheme. When the faculty psychology was in vogue the logical 
arrangement of topics was stressed. The disciplinary rather 
than the practical side was emphasized. The assumption that 
topics, processes, and operations should be taught in a logical 
sequence resulted in much poor teaching. Now increased press-
ure is laid upon the psychological rather than upon the logical 
factors involved in the mastery of number facts and relations 
(1'7:16). 
To permit abilities already acquired to be used in their 
proper connections and to allow new abilities to be applied as 
soon as le~~.rned a general topic that could be learned consecu-
tively may be interrupted again and again. In the newer text-
books this type of modification occurs repeatedly. Thorndike 
cites the following examples. When the addition combinations 
with sums to 9 are well known, the pupil may be taught to use 
them in column addition like 
3 
1 
5 
2 
3 
4 
3 
2 
4 
and also in column addition like 
23 
12 
14 
22 
31 
33 
21 
33 
15 
6 
before the addition combinations 5+5, 6+4, 4+6, ?+3., etc., are 
learned (21:88}. 
Multiplication combinations may be interrupted after the 
products of 1, 2, 3, 4, and 5 by the numbers fram 1 to 10 are 
learned, by the introduction of the multiplication of. two- and 
three-place number by a one-place number, for example 23 
xe 
251 
x8. This plan permits the early application of the multipli-
cation facts in the true connection in which they are to be 
used. It relieves the monotony of oral memory work at this 
level and of written computation later. 
Part of a topic may be taken out of the place where the 
logical systems put it, in order that it may be put where the 
ability gained will notably help, or be helped by, some other 
ability. This is one of the two reasons for two extensive 
changes from the older systems: 
1. Teaching subtraction along with the addition combina-
tions. 
2. Teaching each set of division combinations or "tables" 
along with the corresponding multiplications. 
This results in: 
1. Development of pupils' ability to use knowledge to gain 
7 
new knowledge. 
2. Growth of power to check resul t.s in a new process. 
3. Emphasis (by contrast) of the nature of each process. 
To the educated adult the development of arithmetic 
appears to be a .logical process. It seems apparent that one 
should begin by teaching the simple combinations first and 
preceding to the more complex. There have been courses of 
study which required that all addition be taught first, then 
subtraction, then multiplication. This procedure is not in 
accordance with the known psychological principles by which 
children acquire arithmetic knowledge (34:261-262). It has 
resulted in the teaching of abstractions before the child has 
been able to give them meaning. No attempt was made to adjust 
the work to the maturity or to the ability level of the child. 
A reaction against the logical type of teaching resulted 
in the development of the spiral system. The spiral mode of 
attack consists of treating first the simpler elements of all 
processes. At a higher level the elements more complex in 
character are considered. In tbe course of a few years the 
subject is as completely covered as in the logical method. 
This endeavor to build a course of study on the basis of child 
development has been called the psychological method. The 
primary emphasis has shifted from subject matter to the child 
and his needs. 
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Newer methods pay more attention to habit formation than 
did the older methods. The older methods assumed that pupils 
would reason out a certain procedure and use it without the 
need of special practice with it. It is not safe to make this 
assumption (21:64). In many cases it is true only of gifted 
pupils. Much of our remedial work is necessitated by too much 
faith in the power of transfer. 
The older methods depended upon frequency of connections 
for habit formation (6:70). The newer methods use interest, 
motive, and satisfyingness. Those bonds or connections which 
I 
satisfy some want or craving of the learner are formed from ve~ 
few repetitions (21:57). The psychologists state two laws for 
the formation of mental connections. These are the laws of 
exercise and effect. Thorndike says that other things being 
equal, use strengthens and disuse weakens mental connections 
(21:57). Other things being equal, connections accompanied or 
followed by satisfying states of affairs are strengthened, 
whereas connections accompanied or followed by annoying states 
of affairs are weakened. The law of effect explains the enor-
mous variation in the ease of learning matters which, so far 
as mere amount and complexity go, would be equally easy to 
learn. If we are to have rapid learning we must, so far as 
possible, get the force of satisfyingness on our side. This 
the newer methods try to do. 
When adopting a habit to new conditions modern methods 
provide against disturbance from changed conditions, making it 
a rule to give such help in adopting the habit to new circum-
stances as is feasible (21:62). Sometimes much help is needed, 
as in higher decade addition. The older Ille'thods ignored dis-
turbances of this sort although they often seriously interfered 
witb the bonds or habits concerned (21:62). 
For many years arithmetic was regarded as a tool subject. 
The teaching of the fundamental facts was accompanied by an 
enormous amount of forme.l drill. Primary emphasis was laid 
upon the acquisition of skill in computation. The tables and 
the number combinations were often taught without rele. tion to 
problems. The number facts were taught as if they were of 
equal difficulty. 
Procedure with reference to the acquisition of skill in 
computation has been revolutionized within recent years. 
Investigations have shown that the various nwnber combinat.ions 
are not of equal difficulty, that they should not receive equal 
emphasis, and that their distribution throughout the course of 
study is a matter of importance. 
No longer are the number combinations introduced into the 
best textbooks in an indiscriminate fashion. They are now 
distributed with a scientifically organized arrangement some-
what in the order of their relative difficulty •. Real situa-
tions and problems provide the uses for the various combinations 
One of the most vital movements looking to the greater 
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socialization of the materials of arithmetic is the movement 1hz 
the omission of obsolete topics as well as the omission of the 
more purely technical ones (14:81-83). It is true and eqQally 
significant that the subject is being revitalized by the use of 
many out of school problems. A planned effort is being na de to 
teach pupils those things which they will use later, and at the 
same time to place them in possession of that information which 
will enable them to understand more intelligently, and to appr~ 
ciate more vividly, the world in which they are citizens. 
The older system was lacking in its provision for steady 
review (21:68). A few isolated reviews were considered suffi-
cient to keep the abilities alive and healthy. The newer 
methods set a far higher standa.rd for a review than an occasion-
al repeating of the same work in the same way (21:9). The 
newer methods seek to make reviews answer the learners' abili-
ties and needs just as skillfully as the first learning did. 
The work of pupils who are having unusual difficulties in 
ari tbmetic is carefully studied end an analysis of the specific 
causes is made. After this is done remedial work is prescribed 
to aid in overcoming the weaknesses. The study of individual 
cases reveals the fact that many faulty methods of work are 
acquired by pupils under the usual plan of mass instruction. 
Standards by means of which a teacher can evaluate the problems 
that are used in the class are in process of development. 
Research has shown that the traditional notion that there 
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are only forty-five fundamental combinations in addition is an 
erroneous one. A pupil who will master all of the fundamental 
operations must learn more than 1300 combinations. 
Not only has the educational emphasis shifted from the 
teaching of subject matter to the teaching of the pupil but 
another change is evidenced in the general effort to consider 
the group before the mass, the individual before the class, 
and actual rather than civarious experience. 
Foran in the Catholic Educational Review of May, 1930, 
presents 60 principles from many well-known educators governing 
the teaching of arithmetic. The principles which show a reor-
ganization of arithmetic instruction from the logical to the 
psychological are presented below: 
1. The number concept is the psychological basis 
of arithmetic. 
A large part of its development precedes the child's 
entrance to school. In the further development of this 
concept, purposeful experience with concrete objects 
through counting and measuring are essential. It is 
likely that more development occurs in the pre-school 
years than is usually assumed. The child's first ex-
pression of the concept is through counting. 
2. The development of meaning should always precede 
the use of its symbols. This applies to the number-
names and to the terms expressing quantities and rela-
tions such as foot, add, subtract, etc. • •• 
5. Arithmetic computation includes a large number 
of facts and processes. The identification of these 
should be based upon the mental processes required 
rather than on the nature of the mathematical processes. 
6. While some transfer of training may be expected 
in arithmetic, it cannot be relied upon to develop 
skills to the level that is required of them. Explicit 
training is therefore necessary in each ability that 
the subject involves. 
7. It is unnecessary and wasteful to teach all 
that is known about a process. The temptation to teach 
all that can be taught arises from several sources and 
must be controlled by definite aims. Such aims will 
include a definition of what is to be expected of pu-
pils in the process in question •••• 
9. Instruction and drill should be interspersed in 
small amounts so that units of instruction are followed 
at once by drill and application. The use of large 
units of instruction with delayed drill creates confu-
sion and difficulties. 
10. Instruction should always be followed by drill 
and application. If drill precedes adequate instruc-
tion, errors are consolidated and the effect of the 
instruction leaves pupils in a worse predicament than 
they were before •••• 
14. Instruction and drill should approach processes 
and combinations from all angles. No important item 
should be presented in but a single setting. Variety 
contributes to interest and is necessary to insure the 
application of the skill under changed conditions of 
presentation. Pupils should receive instruction and 
drill in all forms of combinations such as: 
4 5 4+5= 4+ •• = 9 9-4+.. etc. 
5 4 
15. The different combinations in the four funda-
mental processes are not of equivalent difficulty. 
Instruction and drill should distribute emphasis in 
accordance with the difficulty of the combinations. 
The difficulty of each combination is partly inherent 
and partly personal with the pupil. Many texts do not 
distribute the drill in accordance with this principle 
and some combinations receive as much as one hundred 
times the emphasis accorded others. Investigations 
have shown that scientifically constructed drill mater-
ials yield-substantially greater improvements than the 
same time devoted to haphazard drills. 
16. There is widespread doubt about the efficacy 
12 
of rules and definitions. Rules are frequently memorized 
without being understood. They are sometimes resorted 
to in lieu of adequate instruction. They tend to render 
procedures mechanical rather than logical. 
17. Whenever rules and definitions are employed, 
they should be phrased in language that children under-
stand, with only such technicalities as are necessary. 
Logical precision and mathematical abstractions absorb 
attention that should be directed to other parts of the 
definition or rules or to their meaning as units •••• 
21. In addition and multiplication, both forms 
of each combination must be taught. As far as diffi-
culty and the mental processes are concerned, 4+3 and 
3+4 are different combinations and both require in-
struction and drill, as the evidence clearly indicates 
that a knowledge of one does not guarantee a knowledge 
of the other. 
22. Combinations involving the same digits should 
be taught togethe~ Thus, 4+3 and 3+4 should be taught 
at the same time. Each of the one hundred basic facts 
should lead directly to the higher-decade facts, and 
tr-ese should form a series which comprises a single 
teaching-and-learning unit. 
23. Evidence indicates thst addition and subtrac-
t.ion should be taught together rather than separately. 
While only one investigation has dealthwith this prob-
lem, the weight of the data indicated that the together 
method was significantly superior to the separate 
method in five of the six units of the study, while in 
the sixth the data are open to some objections. 
24. By inference but without experimental data, 
it appears that multiplication and division should be 
taught together rather than separately. 
25. The rote memorization of the multiplication 
table as a whole is to be condemned on several grounds. 
Even large units from the table are unwieldy. Each 
number fact requires different presentations and drill. 
Some unconfirmed evidence indicates that giving pupils 
a start with the tables and then having them work out 
the remaining combinations through computation is ad-
vantageous. Since the combinations will appear in 
random order in their subsequent work, the learning of 
them in formal order hinders their application and easy 
recall. 
26. All combinations must be taught in such a way 
that pupils will have no difficulty in using them in 
sequence other than those in which they were originally 
learned. (See Nos. 14 and 26) •••• 
30. Each identified skill should be paralleled by 
valid drill. This principle follows from previous 
observations since it is necessary to have practice 
instruction closely with the units of instruction being 
short and the practice specific. 
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31. Drill materials should be constructed in accord-
ance With certain specifications that have been derived 
from the results of experimental investigations. Most 
of these specifications are discussed under the headings 
tl~t follow. Drill materials constructed haphazardly 
can scarcely fail to distribute the practice in accord-
ance with the difficulty of the combinations. 
32. Pupils vary widely in their ability to learn 
arithmetic, and all phases of the subject should be 
based on a recognition of these differences. T.his is 
particularly true of drill materials, since each pupil 
should practice what he does not know, not what other 
pupils don't know. Teaching should and can be individ-
ualized even in large classes through the use of ade-
quate texts and suitable drill material. It is not 
contended that group instruction be supplanted entirely 
but only that pupils be afforded opportunities of meet-
ing their own needs in so far as these are peculiar to 
the different members of the class •••• 
34. Practice periods should be long enough to 
insure adjustment to the task at hand, but not so long 
as 1D induce fatigue or monotony. The length and dis-
tribution of the practice periods are considerations 
that are inseparable. In general it appears that sev-
eral short practice periods are superior to a few long 
ones, but the short ones must not be too short. 
35. Drills are of at least two kinds. Some are 
used to create skills, while others are for the purpose 
of maintaining them. Drills designed to create skills 
should be confined to the single process with which the 
instruction has been concerned. 
36. Drills for the purpose of maintaining skills 
should be of the mixed type. All four processes should 
be represented, and examples of the sffine process should 
be presented in different forms. This type of drill is 
similar in construction to the mixed-fundamental type 
14 
of test in arithmetical computation. It is believed that 
this type of drill material is more similar to the life 
and problem situations involving computation than is the 
single process type of drill. Authorities differ on this 
point, but the weight of the evidence favors the mixed 
tY];)e of drill. 
37. In the drill materials the examples should be 
arranged in order of difficulty •••• 
41. The drill material should afford possibilities 
of exact diagnosis. Diagnosis leads nowhere if it only 
localizes the difficulty in a major process or solely 
in terms of speed. The analysis of errors should be 
specific and permit immediate improvement. 
42. Drill material should include finding errors 
as well as correct answers when certain conditions are 
fulfilled. The finding of errors is an important as-
pect of arithmetic ability and is used widely in check-
ing accounts, etc. Errors should not be presented in 
drill material until the basic skills have been well 
developed. When such drill r~terials are employed, 
attention should be drawn to the existence of errors. 
The finding of the errors should, of course, be followed 
by correcting them. • •• 
45. The drill material should be in a form that 
will enable pupils to evaluate their progress through 
the year, as the motivating value of a knowledge of 
progress is very considerable, not only in skill but 
in attitudes towards the work. • • • 
49. Drill work should include verbal problems 
which the teaching of arithmetic should not isolate 
from computation. It is poor teaching when computation 
and problem solving are kept separate. • •• 
54. Problems should relate to situations that 
pupils can understand. 
55. Problems should be real, vivi~, and interest-
ing. . . . 
58. Errors belong to certain major types with 
which the teacher should be familiar. Classification 
of errors will disclose class needs and those that 
involve only one or two pupils. 
59. Initial errors tend to become fixed unless 
they are overcome at ·the outset. Such initial errors 
may reassert themselves even after intervals of com-
plete mastery of the process involved. It is there-
fore of special importance to prevent initial errors 
(34:257-266). 
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The recognition of these principles and their observance 
as a guiding influence in teaching should aid in the prevention 
of much remedial work now found necessary. It also seems 
reasonable to say that an improvement in quality and an increa~ 
in quantity of achievement of great numbers of pupils now doing 
work of ordinary value could be attained through the observance 
of these principles. 
CHAPTER II 
REMEDIAL PROCEDURE 
CHAPTER II 
The first step in remedial work is that of diagnosis. 
There are three types of diagnosis: general, analytical, and 
psychological (1:62). The general diagnosis can be made througl 
the use of survey tests and scales. From these can be deter-
mined the general level of the pupil's ability. The general 
diagnosis permits the selection of pupils in need of special 
help. 
Concerning the analytical diagnosis Leo J. Brueckner 
presents the following: 
In this group may be placed all such diagnostic 
procedures involving the use of tests as are employed 
to determine: 
(a) the particular process in which the pupil is 
deficient; 
(b) his ability to work certain types of ex~1ples 
contained in sampling tests; 
(c) the particular element or skill in a process 
which may be the cause of the deficiency; 
(d) the level at which pupil mastery of a process 
breaks down; 
(e) his ability to work a large variety of exam-
ples in a process such as a~e contained in comprehen-
sive diagnostic tests (1:64~. 
After the analytical diagnosis the question of the cause 
of the difficulty presents itself. The psychological diagnosis 
is necessary at this point. One form of psychological diagno-
sis is the analysis of the written work of the pupil. Another 
method is to observe the pupil's mental processes in working 
examples. This can be accomplished by having him work aloud. 
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The following are steps in a psychological diagnosis: 
1. Selecting of a below-standard pupil in any process or 
part of process. 
2. Selecting a standard diagnostic test with a wide 
variety of types of exercises in the below-standard process. 
3. Having pupil work aloud. 
4. Noting verbal statements. 
5. Observing habits of work. 
6. Recording results. 
Diagnosis reveals the fact that the necessity for remedial 
work may be laid to any or all of the following causes: 
1. Failure of the teacher to know what was involved in the 
process. The teacher should be familiar with the learning pro-
cess in arithmetic. In the past many of the best teachers have 
assumed that some facts, which are really difficult, were eas-
ily understood. Children, therefore, have been required to take 
big steps from a well-known process to a difficult and distant-
ly related one (14:294). 
2. Inadequate initial learning -- This is apt to occur if 
the teacher presents a new process without relating it to pre-
viously known and understood processes. The teacher then re-
lies upon blind, unanalyzed drill to fix the process. In short, 
the comprehension of a process is secured by drilling on it 
instead of relating it to previous knowledge {14:295). 
3. Change of emphasis in teaching -- A teacher is apt to 
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emphasize one process one year, and, because of a change or 
interest, ignore it another year. The children may suffer or 
benefit from this change in interest. It is right that the 
teacher be permitted some leeway in placing emphasis and in 
modifying methods. It is suggested that use of group tests 
and group diagnosis would be a guide to the balance of empha-
sis (14:295). 
4. Inadequate maintenance program -- After a process is 
understood it should be drilled upon until a habit is formed. 
It is well known, that regardless of how highly mechanical 
skills are developed, they are soon lost unless practice in 
them is maintained (14:296). 
5. Inadequate or poorly organized practice -- In most 
textbooks drills are poorly organized. Many of the exercises 
presented to a pupil when a new operation is in process of 
development are too complex. Many textbooks furnish too small 
an amount of supplementary material. If the teachers copy 
exercises from other textbooks or make up exercises the grading 
of these exercises according to difficulty is rarely accom-
plished (14:296). 
Whether the story of the abilities and failures of the 
individual pupil is obtained by general observation or by the 
use of highly detailed diagnostic tests is not the vital ques-
tion. The important feature of the diagnosis is that accurate 
and reliable data on each ari tbmetic skill must be obtained in 
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order to make possible the prescription of the proper remedy. 
This permits the teacher to say, "This is the nature of the 
pupil's difficulty." It eliminates such blanket statements as, 
"The child cannot divide." 
Although it is generally accepted that the mental and 
physical growth of normal children is quite regular from year 
to year no evidence has yet been produced to show that the 
rate of growth is constant for every child (16:103). Physical 
growth is also subject to individual variations. nArrested 
development" is the term applied to retardation in the rate of 
growth. It may be temporary or permanent. For this reason it 
is not safe to predict the future mental or physical growth of 
any child. While the majority of children who have a mentality 
rating of 80 per cent of the average for their age on the Binet 
Scale will continue all their lives at that level, there is a 
minority suffering from temporary arrest (16:103}. This tanpo-
rary halt may be due to poor vision, diseased adenoids, or the 
malfunctioning of certain glands {16:103). The discovery and 
removal of the trouble often permits the child to develop with 
sufficient speed that he makes up for lost time. 
c. A. Pugsley asserts that the correction of physical 
defects is accompanied by noticeable improvement, not only in 
school achievement, but in the shortening of the time necessary 
to complete the eight grades (9:19). On the contrary, such 
authorities as Hoefer (31: ) Jewett and Blanchard (22:39-56), 
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and De Weerdt (24:540-541) have shown that the I. ~. is rela-
tively constant and have disproved the idea that improvement in 
physical conditio~ would produce an increase in the I. ~. 
sometimes the cause of arrest in arithmetic is partly emotional 
(16:104). The annoying lack of success is distinctly inhibi-
tory. It occasionally hinders thinking and learning. The chi~ 
gradually comes to have a permanent feeling of inferiority with 
reference to arithmetic. The child's development, already ob- · 
structed by other causes, becomes more and more retarded because 
of the emotional element involved and finally settles down to a 
condition of permanent arrest. Practice produces the best re-
sults only when the results of the practice are satisfying to 
the individual engaged in practicing. 
Another cause of arrest is boredom.(l6:110). Boredom 
affects both men and animals, and its effects are so similar to 
those of fatigue as to be almost indistinguishable from them. 
In many schools teachers are trying to teach certain materials 
to pupils who are utterly incapable of learning them, while in 
the same grade other pupils are bored to distraction with tasks 
below their ability. In most of the cases of apparent fatigue 
the condition is that of boredom. Here is a place for intelli-
gent motivation. 
The failure to apply the principle of inference is another 
cause of error in arithmetic. 
The ability to size up what happens under certain 
situations and to infer what will happen under others 
is of tremendous practical importance. It is the only 
basis upon which we can plan intelligently for the fu-
ture and it is fundamental to inductive reasoning. 
Trouble arises because little or nothing is known con-
cerning the ability to infer which children possess at 
different ages (16:114). 
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It is entirely normal for children who have been getting 
correct answers by adding to continue to add even when the type 
of exercise is changed. This accounts for the very large num-
ber of errors which children make through the use of the wrong 
process. The way to correct this type of error is to emphasize 
more the recognition of new elements and the presence of chang-
ed conditions. 
The ability to infer and to transfer training are closely 
related, and these in turn are functions of native intelligence 
A suggested corrective measure for errors which result from 
failure to infer is to reduce to a minimum the number of sit-
uations in which children in the primary grades are expected 
to use inference in the solution of their problems and exer-
cises. 
Lack of prerequisite experience is the cause of many err-
ors - In many cases the teacher is responsible for this. She 
has not analyzed the process into steps of difficulty. The 
child finds himself trying to succeed in a phase of a process 
for Which he has not been prepared. 
Another factor in retardation is interference in learning. 
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Large numbers of children substitute something which 
they 1:a ve previously learned for the thing which is re-
quired of them. Those who are asked to add will multiply; 
those who are asked to divide will subtract. This is one 
of the worst of all errors, and it seems to grow worse 
as the child progresses from grade to grade. It would 
not seem difficult for any one to learn that 2 x 3 is 6, 
yet continually children give 5 for an answer, because 
they have learned 2 plus 3 so well. In like manner there 
is a very marked tendency to respond "zero" to any number 
divided by itself. Another common type of interference 
is the confusion of one multiplication combination with 
another. In fact the wrong response is nearlx alwa s 
some other product of the multiplication table 6:36}. 
A limited attention span causes many errors in computation 
As the limit of the attention span is reached, it becomes in-
creasingly difficult to concentrate on the material at hand. 
The child suddenly becomes conscious of physical fatigue and of 
the sounds and sights around. The mind balks at the next addi-
tion. It finally becomes imperative that the child momentarily 
interrupt the adding activity and attend to something else. If 
this is done for the fraction of a second, the mind may clear 
and the adding activity may continue smoothly for a second 
group of figures. Very little is known about bridging atten-
tion spans. One suggestion is to repeat mentally to oneself 
the sum during the interval of interruption. This pause is 
used to rest the mind t~~ough the monotony of the repetition of 
the sum (11:26). 
A limited memory span is a factor in retardation. Teach-
ers must consider the four phases of memory in their arithmetic 
teaching. These phases of remembering are formation, retention 
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recall, and recognition. Connections made for the first time 
are likely to be more permanent (16:117). Connections accom-
panied by bibid or striking feelings are likely to be lasting 
(16:117). Single connections are more perment than those of 
the multiple type. 
To attempt to present more than one thing at a time is 
trying to do two things at once. Probably neither will be done 
well; for example, it is bad policy to teach two methods of 
subtraction at once. 
Recall is strengthened when connections are closely asso-
ciated with situations similar to those the child will meet 
most frequently in daily life; during vacations, and in after 
life. Hence childhood will profit tremendously from a small 
amount of intelligent review that which they knew the previous 
year ( 7: 111) • 
Many textbooks ignore the fact that combinations in the 
various processes are not of equal difficulty (34:260). Some 
combinations require little drill before they become fixed 
while others require extended repetition before they became 
automatic. The amount of drill required also varies with the 
chile. Investigations indicate that the scientifically con-
structed drill mater:ials yield substantially greater improve-
ment than the same time devoted to haphazard drill (2:116). 
If the drill material is not adequate and sufficiently motiva-
ted the teacher will find it almost impossible to keep close 
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account of the learning of the pupils. Disastrous underlearn-
ing of many bonds is almost sure to occur and hinder the pro-
gress. One of the most far-reaching causes of incorrect habits 
of wark in arithmetic is the application of drill exercises on 
processes which the pupil has not yet learned to do (34:258}. 
Under this condition drill exercises tend to "set" the bad 
habits of work and do more harm than good. Only correct drill 
brings good results; incorrect drill makes matters worse. 
Regardless of the value of drill materials or their scientific 
distribution, their advantages will not reach the pupil if 
methods of work are incorrect. 
In the Second Year Book of the Department of Elementary 
Principals Elda Merton has presented the steps of each of the 
fundMilental processes. It seems fitting to·insert them at this 
point. Much remedial work could be eliminated entirely if the 
teachers realized the number of steps of each process involved 
and the sequence of their steps. 
The specific abilities listed for addition are as follows: 
1. The 100 addition combinations. 
2. Ability to apply the combinations to higher decades: 
2 52 
4 4 
3. The meaning of' the additiOn si. gn. 
4. The meaning of the following terms: Addition, add, addend, 
and carrying. 
5. That in writing the example, units must be placed under 
units, tens under tens, etc. 
6. That one must begin at the right and work to the left. 
7. That unit figures should be added to unit figures in a 
column, tens to tens, etc. This also includes the abil-
ity to keep one's place in a column. 
8. Ability to add a "seen" to a "thought of" number: 
47 
56 
93 
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After a child has added ~and 6, he no longer sees both 
of the numbers he is required to add. Now 7 is a "seen" 
number, but 9 is only a "thought of" number. This also 
includes the ability to keep in mind the result of each 
addition until the next number is added to it. 
9. How to regard zeros in a column. 
10. How to regard empty spaces in a column. 
11. How to place the answer in the sum when a column has been 
added and the total sum of these figures is less than 10. 
12. How to proceed with the next column when meeting the 
condition in 11. 
13. How to place the answer in the sum when a column has been 
added and the total sum of these figures if 10 or more 
than 10. 
14. How to proceed with the next column when meeting the con-
dition in 13; i.e., carrying. 
15. Ability to remember the number carried. 
16. How to proceed when the need for carrying and no carrying 
is met alternately in an example. 
17. How to place all the numbers in the sum. 
18. How to check for correct answers. 
19. 
An analysis of the skills and knowledge needed in subtrac-
tion is as follows: 
1. The 100 subtraction combinations. 
2. The ideas in one's subtraction concept: 
Taking away idea: 15-7; 7 from 15 
Adding idea: What number added to 7 equals 15? 
Difference idea: 15 is how many more than 7? 
3. The meaning of the following terms: Minus, less, subtra-
hend, minuend, borrowing, difference, remainder. 
4. The meaning of the subtraction sign. 
5. That the complete minuend must always be larger than the 
complete subtrahend. 
6. That in writing the example, units must be placed under 
units, tens under tens, etc. 
7. That in writing the example, one mu~t begin at the right 
and work to the left. 
8. That the order of units in the suhtra hend must be sub-
tracted from the same order in the minuend. 
9. How to proceed when the first number to be subtracted in 
the minuend is larger than the corresponding number in 
the subtrahend. 
10. That one must now borrow unless the number in the subtra-
hend is larger than the corresponding number in the minu-
end. 
11. 
12. 
How to proceed when a number of the subtrahend is 
larger than the corresponding number of minuend; i.e. 
borrowing. 
What it means to place a 1 in front of a number when 
borrowing ten: 
423 
-219 
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13. What it does to the-next number in the minuend when a 1 
has been placed before the following number. 
14. Must be able to remember the new number made through 
borrowing: 
628 
-239 
After subtracting 9 from 18 the child is dealing with 11, 
not 12. 
15. How to proceed when the need for borrovnng and no borrow-
ing is net alternately in an example. 
16. How to borrow when two or more successive digits in the 
subtrahend are longer than the corresponding digits in 
the minuend • 
17. How to proceed when there are fewer figures in the sub-
trahend than in the minuend. , · 
18. How to proceed when the last subtraction takes places wifu 
the subtrahend and minuend the same: 
649 
623 
.i.'he zero must not be placed in the remainder. 
19. Ability to handle a zero or a succession of zeros in the 
subtrahend. 
20. Ability to handle a zero or a succession of zeros in the 
minuend. 
21. How to check for correct answers. (10:396). 
The basic knowledge needed in multiplication is as 
follows: 
1. The multiplication tables through 9 x 9 including zeros·. 
2. How to add. 
3. The meaning of the multiplication sign. 
4. The meaning of the following terms: Multiplication, pro-
duct, multiplicand, multiplier, carrying, and sum. 
5. That in writing the example, units must be placed under 
units, tens under tens, ete. 
6. That the multiplier is always a number of 
7. That the number in the multiplicand is to be multiplied 
by the numbers in the multiplier. 
8. That one must begin at the right and work to the left. 
9. How to place the product after the first multiplication 
when the product is less than 10. 
10. Ability to proceed with the multiplication of the next 
digit when meeting the condition in 9. 
~--------------------------------------------. 
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11.How to place the answer in the product-when the product 
is 10 or more than 10. 
12. How to proceed with the multiplication of the ne·xt digit 
when meeting the condition in 11; i.e., carrying. 
13. Ability to remember the number carried. 
14.Ability to and quickly. 
15.Ability to handle zero or a succession of zeros in the 
multiplicand. 
16.How to proceed when the need for carrying and no carrying 
are met alternately in the example. 
17.How to proceed after the multiplication by the units 
figure of the multiplier is completed when there is more 
than one figure in the multiplier. 
(a) Which number to multiply by next. 
(b) Where t.o place the first product. 
18.Ability to handle a zero or a succession of zeros in the 
multiplier. 
19.That these products must be added and how this is done. 
This involves any or all of the 18 points on addition. 
20.How to check for correct answers (10:397). 
The Knowledge needed for short division follows: 
1. The multiplication tables through 9 x 9 including zeros. 
2. The 100 subtraction combinations. 
3. The division tables through the 9's including zeros. 
4. The meahing of the signs for division , .1-
5. The meaning and use of each of the following ter~s: 
Division, product, dividend, carrying, divisor, quotient, 
remainder. 
6. How to proceed when the first number ·of the divident is 
the same as, or greater than, the divisor. 
7. 'i'There to place the first number of the quotient when 
meeting the condition in 6. 
·a. Must know how to proceed when the first number of the 
dividend is smaller than the divisor, as 4rr54. 
9. Where to place the first number in the quotient when 
meeting the condition in 8. 
10. Each step: 
(a} Divide 
(b) Place quotient figures 
( o) Mul tipl~r 
(d) Subtreot 
(e) Carry 
11. How to handle the remainder after subtracting: 2!9154. 
12. Ability to remember the large number carried. 
13. That no number equal to or larger than the divisor can 
be carried. 
14. Ability to find the correct quotient figure with a mini-
mum of trial; i.e., rapid recognition of the two factors, 
one be in i ven. 
~--------------------------------------~· ~ 28 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
How to continue dividing after some number in the quo-
tient brings no remainder: 18 
2 364 
Ability to handle the zero in the quotient and make 
the proper operation in the divident: 15 
4 6012 
Ability to handle the zero in the dividend when alone 
or used with a number carried. 
How to handle a zero or a number of zeros at the end 
of the dividend. 
How to place correctly all quotient figures. 
How to handle the remainder at the end of a problem that 
does not "come out even." · 
How to check far correct answers. 
The additional basic knowledge needed in long division 
follows: 
1. Ability to subtract under conditions found in the long 
division process. 
2. Ability to estimate quotients of all types, chiefly in 
examples with two- and three-place divisors. 
3. How to multiply and carry. 
4. The steps in the p~ocess: 
(1) Divide 
(2) Place quotient figure correctly. 
(3) Multiply divisor and correct quotient figur~: 
(4) Place the resulting product correctly. 
(5) Compare the number from which it is being 
subtracted. 
(6) Subtract. 
(7) Compare remainder and divisor. 
(8) Bring down digit from dividend. 
(9) Continue these steps until the example 
is completed (10:398). 
Each of the fundamental operations has its ovm pitfalls. 
Some error types are common to all processes. The zero diffi-
culty exemplifies this statement. Dr. Orborn from an exten-
sive survey of city, town, and village children of many nation-
ali ties and levels of intelligence concluded that errors are 
typical and not haphazard in character (16:32). G. T. Buswell 
and Lenore John have made notable contributions to this phase 
of remedial procedure. Their diagnostic charts contein the 
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error types for each process. For this study the writer is 
listing some of the errors suggested by Leo J. Brueckner, and 
also found in the case studies of this report. 
Those found in addition follow: 
1. Weakness in combinations. 
2. Counting 
3. Vocalization 
4. Adds same digit to both columns 
5. Bridging 
6. Zero difficulty 
7. Breaks up combinations 
8. Roundabout methods of work 
9. Carrying difficulties: (1. Forgets to carry. 
(2. Adds carried number irre-
( gularly. 
{3. Carries wrong number. 
Those found in subtraction follow: 
1. Weakness in combinations. 
21 Counting. 
3. Zero difficulty. 
4. Borrowing difficulty: (a) Not allowing for borrowing. 
(b) Failure to borrow, giving 
zero for answer. 
(c) Deducting from minuend when 
borrowing is not necessary. 
5. Subtracting minuend from subtrahend. 
6. Roundabout methods of work. 
7. Skipping one or more decades. 
,.,...., 
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Those found in multiplication follow: 
1. Weakness in combinations. 
2. Counting. 
3. Zero difficulties. 
4. Carrying difficulties. 
5. Errors in adding. 
6. Errors in multiplying. 
7. Omits digit in multiplier, multiplicand, or product. 
8. Uses wrong process. 
9. Errors in position of partial products. 
Those found in division follow: 
1. Weakness in combinations. 
2. Difficulty with remainders. 
3. Zero difficulty. 
4. Difficulty with quotient. 
5. Roundabout methods of work. 
6. Difficulty with subtraction. 
7. Difficulty with multiplication. 
8~ Repeats tables for results (1:72-87}. 
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Present emphasis on remedial work is a reflection on the 
failure of teaching arithmetic. Previous faulty procedures 
have produced difficulties. Probably no teaching scheme will 
eliminate remedial work, but it should be reduced to a minimum. 
Prevention is better in every way than remedy. 
It is probably that success in prevention work lies not in 
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increasing the quantity but in improving the quality of drill 
work from the beginning. If errors are due to the wrong exper-
iences and lack of experience in systematic drill then the main 
drive upon remedial work should be in the reconstruction of 
drill content. There is some ground for the contention that 
much of the remedial work will no longer be needed when drill 
work meets more adequately the following specifications: 
1. Drill should be on the entire process. 
2. Drill should come frequently and in small amounts. 
3. A drill unit should be a mixed drill. 
4. Drills should possess time limits. 
5. Drills should use accuracy sta1dards. 
6. Examples in a drill should come in order of difficulty. 
7. Drill work should include verbal problems. 
8. Drills should facilitate the diagnosis ar specific 
error for the facilitation of remedial work (12:64-65). 
Development of effective remedial drill in arithmetic 
depends upon the accuracy with which the various skills of the 
different processes are isolated and identified. Remedial work 
functions only when the exact level at which pupil mastery 
breaks down has been located. 
Correct skills should be identified and paralleled and all 
phases of the skill covered. Remedial drill in any process 
should cover all situations in that process; and also the most 
important variants of each situation. 
..-
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Remedial drill must cover in a valid manner all the 
numerous underlying skills and it must also provide the means 
ror bringing about the gradual knitting together of the compo-
' 
nents into the complete function. 
Valid drill material must be provided for each specific 
drill. The validity of the drill depends to a certain degree 
upon the validity of the analysis of skills. Good luck or 
haphazard methods are effective only by chance. 
One hundred per cent validity of drill material may be 
achieved only by taking a sampling of one hundred per cent of 
all the possible facts. This is rarely possible, but a large 
enough sampling to include the most frequently used facts may 
be obtained. Alternate drill materials which appear on surface 
to be practically identical may be quite different in actual 
potency. Construction of drill material of value requires a 
measure of expert knowledge, patience, and accuracy. 
The last word in remedial work in arithmetic will not be 
spoken until many studies on that subject have been based upon 
students who have had proper drill work from the beginning. It 
is not known at present what errors are due to true learning 
difficulty and what errors are due to faulty drill construction 
If the teacher notices the type of example missed most fre-
quently she can make a good guess as to what total process 
needs special drill the most. 
We should not be concerned with the planning of remedial 
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work for pupils who have not had the correct experience with 
numbers in their systematic instruction and drill. We should 
be concerned with remedial work for errors which persist after · 
the pupil has had the best type of drill available. To sum-
marize, therefore, what has been said in this chapter, we may 
conclude by stating that good remedial wor~ will be charac-
terized by the following qualities: 
1. The discovery of weakness. 
2. The discovery of exact level of this weakness in the 
particular skill under study. 
3. The location of the cause of the difficulty. 
4. The formulation of remedial exercises which attack 
this cause. 
5. The enlistment of the pupil's cooperation. 
6. The IrE asurement of progress. 
?. The adjustment of work to changing needs until the 
removal of the difficulty. 
CHAPTER III 
CASE STUDIES 
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Case Study of G. B. 
George had finished fourth grade when he entered summer 
school. His age was ten years and three months. Records of his 
physical examination indicated that George was a mouth-breather, 
and nose-bleeder. His hearing and vision were considered normaL 
His appetite was variable and fussy. He was constipated. The 
doctor recommended that a special examination be given to his 
nasal condition. 
A preliminary test in arithmetic revealed weakness in sub-
traction, multiplication, and division. The first two deficien-
cies mentioned were partially responsible for the third. The 
total score of this test gave George an educational age of nine 
years and a grade equivalent of low-fifth •. George had an I. Q. 
of 94. 
The pupil's parents were foreign. Broken English was 
spoken at home. George was docile and obedient in an unthinking, 
dependent manner which the writer has found characteristic of 
many foreign. 
As the summer term progressed it was discovered that George 
had an aversion to checking; that problem-solving ability was 
retarded because of language difficulties; that any pressure, 
even though very slight, upon the development of speed, produced 
disappointing results in the quality of the work. 
Although the physical examination indicated that he posses-
~---------------------------------~ 
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sed normal vision there was a confusion of numbers which were 
close together. Misspellings of words which were copied from a 
book may have been due to a very slight deficiency, but a great 
manY were the results of careless reading. Misspellings of the 
following copied words occurred through the term: arithmetic 
(arithnetic), multiplication (muiticpation), oranges (oranges), 
greater (gretter), marbles (marbeles), dollar (doller), and 
March (Uarck). 
Much of the written work in computation had a comparative-
ly high rate of accuracy. The oral responses were often in-
correct and always slow. The language difficulty had some 
effect on this condition. Lack of automatism in the combina-
tions of the four processes adversely affected the readiness 
and accuracy of these responses. 
During the term George had daily opportunities for study, 
oral recitation, restudy, written work in problems, in combi-
nations of four processes, and in examples involving the four 
fundamental processes. A work book, Intermediate Pilot Arith-
metic, and Elementary Problem Book were the texts used. 
A comparison of the results of the preliminary and final 
tests does not show the growth made by George in concentration, 
industry, habits of organization, and in checking ability. 
There was a slight progress in paragraph comprehension for 
which the problem study may have been partly responsible. 
~·~--------------------------~ 
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This general description will be followed by a daily study 
of George's errors, accuracy of achievement, and growth in 
helpful habits. 
Table I gives data which show the student's daily accomp-
lishment, his accuracy, and his percentage of accuracy during 
the period of remedial work. A consistent effort was made to 
keep the work in the fundamental operations well balanced. The 
problem work was also carried on with regularity. 
As men~ioned before, the student's percentage of accuracy 
was, in general, reasonably high. His work revealed no out-
standing errors in any process. George was the type of student 
whose work was effected radically by outside influences. Fa-
tigue and extreme heat influenced his score adversely several 
days during the term. He was apparently phlegmatic rather than 
emotional in type. Some inner conflict may have caused the 
occasional failures in a process which had merited 100 per cent 
accuracy for several preceding days. There seemed to be an 
instability of I. Q. which will be discussed in another portion 
of this paper. 
In the Compass Survey Test, Advanced Form A, the following 
results were obtained: 
In the addition of the preliminary test all attempted were 
correct. In subtraction three of six attempts were correct. 
The three worked incorrectly were not wrong because of errors 
in the subtraction combinations nor in the subtraction process. 
3'7 \ 
TABLE 1 
Nunther of Pro'blem.A At+;fltr;pted by George. N'lll"\ber Rie;ht, 
and Percentate of Aoouracy 
-
Addition Subtraction Multiplication Division Problems 
- -
Preliminary 6 s 83.3 !j 3 60 6 3 50 4 1 25 0 0 0 
27 
28 12 11 91.6 27 27 100 12 12 100 
29 14 12 85.7 4 3 75 
30 4 4 100 4 4 J.C() 6 4 66.6 2 2 100 
1 9 3 33.3 
6 12 12 100 6 6 100 6 2 33.3 
6 12 12 100 4 4 100 4 4 100 5 5 100 
7 10 10 100 5 6 100 8 8 100 5 4 80 
8 6 6 100 5 5 100 8 8 100 5 4 80 
11 110 1.05 95.5 36 19 52.7 
12 64 55 85.9 66 66 100 27 12 44.9 
13 .. 46 46 100 12 7 58.3 5 3 60 
141 6 6 100 18 17 94.4 6 5 83.3 16 18 1f( 100 38 36 94.7 7 7 100 
18' . 146 142 97.2 8 6 75 11 lC :j0.9 
19 16 10 62.5 8 7< .. 7.5 
20 6 6 100 10 10 100 10 10'," 100 
21 5 5 100 10 9 90 10 4 40 
22 58 52 89.6 51 50 98 51 46 90.1 14 14 100 
25 2 2 100 2 2 100 51 49 96 2 1 50 6 5 100 
261 2 2 100 2 2 100 2 2 100 10 10 100 16 11 68.7 
27 56 55 98.2 20 19 95 5 5 100 
28 2~ ?7 96.7 28 28 100 28 25 88.8 28 20 7U4 
Fi!'e.l 5 ·4 80 5 4 80 I 4 3 75 3 1 33.3 2 1 50 I 
-· ·-
--
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TABLE II 
Opportunities of Geo.rge for Error~:~ of 17 'T'hpes; b.f Days; 
Numbet• .,r Errvt•s Made; a"lcl Per"lenbage of A~~~ ~u r ~!:'."tc -·~ _ -------~- . --- -
· 
,,. ___ ..,._ 
·- -~ - ----
Erro•· 1 2 3 4 5 6 7 8 
-- - -
-~·. ---~--""" 
Preliminary 1 1 100 2 2 200 1 
- -
4 4 100 1 
- -
2 2 200 7 1 14.?. 12 8 3.6 
27 
28 1 36 2.7 
29 
30 
1 I 2 45 4.4 I 
5 I 6 
7 
6 
11 2 36 5.6 
12 141 53 2. 6 1 51 1.9 
13 
14 I 15 
18 I 1 A 12.5 19 ?.() l 21 i ). 14 7.1 22 
I 
1 35 2.8 3 11~ 2.6 
25 6 98 5 .. 1 
26 
27 1 83 1.2 
28 3 98 3~ () 
Final i 
----.. -____ ,. __ 
__ L_ 
-·-
TABLE II (continued) 39 \ 
- - - ---" 
- - - -· 
•. 
--
9 10 11 12 13 14 15 16 17 
Pr€1Hm --·-·~-- ---r--- --- --
inary 
\ 27 
28 
29 ~ 11 18 
30 ~ 40 2.5 1 3 33,3 J 1 100 1 1 100 
l 1 4 25 1 lS 6..2 l 1 100 
5 
6 
7 
8 
11 14 36 a3.6 8 28 28 5 110 45 
12 4 43 9.2 1 22 45 
13· 4 32 12.5 
14 
15 1 34 2.9 2 25 8 
18 3 74 4.0 2 20 10 
19 2 4 50 5 24 00.8 
20 
21 1 33 3.0 
22 3 54 5.5 4 107 3.7 2 36 5.5 
25 5 98 5.1 
26 
27 2 85 2.3 1 
28 1 19 5.2 8 64 12.5 l 44 2.2 ' 
Final 2 7 28.2 2 20 10 
-· 
I 
~-
------------------------------------------------, 
Two were due to omission of a decimal point; one was due to 
ignorance of the method of subtracting denominate nwnbers. 
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In multiplication three of six attempts were correct. One 
error was due to ignorance of multiplication process with 
fractions; another occurred because of a mistake in multipli-
cation co~bination; the third was caused by an apparent over-
sight. The multiplying of the last number in the multiplicand 
was omitted. 
In division one of four attempts was successful. The fi~ 
error in a short division example was a subtraction error; 
correct quotient but incorrect remainder. The other two at-
tempts were made in long division examples. The student seemed 
to have no knowledge of long division form. There was an at-
tempt to estimate the number of times the "tens" digit was 
contained in the quotient. These estimations were incorrect. 
No attempt was made to work percentage or the general 
:problems. George's grade and age would indicate that three 
of the general problems could have been solved. The :percentage 
was naturally beyond him. 
As eight of the seventeen errors found during the entire 
term appeared in the preliminary tests all error types and a 
sample of each will be listed below. 
l. Failure to place decimal point. $15.00 
-3.89 
11 11 
2. Ignorance of the process of subtracting denominate 
numbers. 2 yd 1 ft 6 in 
-1 yd 2 ft 8 in 
8 ft 8 in 
3. Error in adding a "seen" to a "thought of" number. 
22 
963 
45 
886 
378 
2252 
41 
4. Ignorance of process of multiplying fractions. 2 x 10 
'3' 
5. Unintentional omissions. 
6. Ignorance of long division form 9.99-9 
2117.85 
7. Wrong remainder after selecting correct quotient 
064-3R 
7 450 
8. Errors in multiplication combinations 7 x 2 
9. Failure to add carried numbers. 42 
x28 
~ 
84 
10. Carried wrong number. 975 
x34 
'3'9'00 
2825 
32150 
I'i"bb 
11. Error in higher decade addition. 18+8 = 28. 
12. Ignorance of process of multiplying by hundreds. 
19 
x400 
13. Error in selecting correct quotient number. 171-2 
4 "7'5b 
14. Error in writing numbers. 
For 6870 George wrote 6817. 
" 2060 " " 2016. 
15. Error in addition combinations. 9+8 
16. Forgot that he had borrowed: $7.00 
3.07 $4.93 
7.f.9 
17. Error in higher decade combinations: 14+6 
42 
9+5. 
35f6. 
Following is the record of daily accomplishments referred 
to on page two of this paper: 
Ju.ne 27 
This day's assignment involved the combinations of the 
second, third, and fourth quadrants. 
Twenty-seven multiplication examples had one digit 
multipliers. The paper had no errors. 
June 28 
Eleven were correct of twelve addition examples with 
three four-digit columns each. 
Tables of 6 were written backwards correctly. 
Twenty-seven were correct of twenty-seven two-column 
subtractions involving borrowing. 
June 29 
Twelve were correct of fourteen multiplication examples 
with multiplicand and multiplier having 2 digits each. 
Three were correct of four problems. The error was one 
of reasoning. 
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June 30 
Four of four simple subtractions were correctly worked. 
Four of four simple addition examples had 100 per cent 
accuracy. 
Two or two problems were solved and computed correctly. 
Four of six multiplication examples were correctly com-
puted; five of these had two-digit multipliers. One had a 
multiplier of 200. The student wrote a note telling the teach-
er that he could not do this kind. 
July 1 
Only three of nine multiplication examples were worked 
correctly. Most of the errors occurred in carrying. 
July 5 
Twelve of twelve two column subtraction examples received 
a grade of 100 per cent. Six of these examples involved bor-
rowing. 
Six of six short division examples were computed with 100 
per cent accuracy. The divisors were 4, 5, 6, 7, 8, and 9. 
Two of six problems were solved correctly. Three mistakes 
were made in the selection of the process. The remaining mis-
take was an oversight. George neglected to multiply the last 
number of the multiplicand by the multiplier. Many erasures 
throughout the paper indicated that upon checking the first 
responses were changed. 
July 6 
There were twelve correct of twelve simple two-column 
subtraction examples. 
Five of five simple one-step problems involving simple 
subtraction and addition were computed accurately. 
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Four of four multiplication examples involving combina-
tions of the second and fourth quadrants received a mark of 100 
Four of four short divisions were correct. 
July 7 
Ten of ten three column subtractions involved carrying in 
two consecutive column were computed correctly. 
Four of five problems were correctly solved. The error 
was made in the selection of the process. 
Eight of eight short divisions with divisors ranging from 
2 to 9 received a grade of 100 per cent. 
There were five correct of five one-digit multiplier 
examples with multipliers of 6, 7, 8, 9, and 2 respectively. 
Six of six one-step problems in subtraction were graded 
100. 
July 8 
Four were correct of five problems in which fundamental 
processes were varied. The incorrect one was incomplete. 
In eight short division examples all were correct. The 
divisors were 2, 3, 4, 5, 6, 7, 8, and 9. The answers involved 
zeros in the quotient. 
45 
In five multiplication examples involving combinations of 
the second and fourth quadrant the mark was 100. 
July 11 
Nineteen of thirty-six simple short division were correct. 
Thirty had remainders. 
The divisor was 4 in all cases. The student thought there 
was a relationship between the answers. He simply wrote them 
on an ascending sce.le as follows: 
8 8-1 8-2 8-3 3 3-1 3-2 3-3 
4~ 4'D7 4'38 4"3'9 4!"7 4'Tif 4I9 4~ 
4 4-1 4-2 4-3r 5 5-lr 
425" 4~ 4"f"f 4~ 4"34 4'35" 
Another difficulty arose in the following combinations: 
8:x:4 • 36 3:x:4 :r 12 4::x:4 • 25 
Three sheets of a workbook were completed with the 
following results: 
The 
Papers 
Attempts 
55 
55 
28 
one and two included simple 
Correct 
54 
51 
20 
addition combinations. 
five errors included the following combinations: 
7 7 9 9 9 
2 9 5 6 8 
1! 15" 15 12 14 
The third paper covered material in writing numbers. 
Errors were not due to ignorance of place value. Errors 
occurred in the last two digits as indicated: 
Two thousand sixty was written 2016. 
Six thousand eight hundred seventy was written 6817. 
Seventy-five thousand eight hundred fifty dollars was 
written $75815. 
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If these numbers had been dictated one would be inclined 
to assume that the similarity in sound of sixteen and sixty, 
seventeen and seventy occasioned the errors. As the work was 
entirely written it may have been George's usual inclination 
to handle the last portion of any operation carelessly. 
July 12 
George worked twenty-seven examples in division. Twelve 
were wrong. Eleven were incorrect because George discovered 
the answers on the opposite page. His discovery didn't carry 
him far enough, as he copied the answers from the wrong place. 
Several of those correctly worked were as difficult as those. 
A little talk with George convinced him that he was fooling 
only himself. One error was due to lack of subtracting ability 
In fifty-six simple subtraction cimbination the mark was 
100. Eighteen of eighteen examples adding without carrying 
were correct. Fifteen of eighteen examples involving adding 
with carrying were correct. 
Twenty-two of twenty-eight addition examples were computed 
correctly. These exrunples included: 
eight three-digit one-column additions; 
eight four-digit two-column additions; 
six five-digit two-column additions; 
six five-digit three-colwmn additions. 
Two of these examples had irregular columns. 
July 13 
Three of five problems were correct. The mistakes were 
of reasoning rather than of computation. 
The twelve examples for which George had copied answers 
on the previous day were taken from the workbook and worked on 
a regular paper. Seven were correctly finished. The five 
incorrectly worked had divisors of 5, 7, 8, 9, and 9 respec-
tively. The teacher gave oral drill on these combinations and 
showed him how to put down the products and subtract fro~ the 
part quotient in the following fashion: 
6 
9 331 
~-7r 
33 
27 
~ 
61 
-54 
'r 
George selected the wrong quotient number 4 times. He 
omitted one intentionally. 
The division combinations related to the multiplication 
combinations of the fourth quadrant were troubling George. 
Forty-six of forty-six subtraction combinations were worked 
correctly. 
July u 
Five of six simple problems were correctly worked. The 
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error was committed in the selection of the incorrect process. 
Seventeen of eighteen subtraction examples without borrow-
ing were correct. The teacher believes the error was due to a 
~isual weakness mentioned before. This was the example: 
86 
52 
"'!7f 
George evidently combined the five and two of the subtrahend. 
Six addition examples with long two-and three-digit columns 
were correctly worked. 
July 15 
Seven one-step problems involving simple manipulations 
of three of the fundamentals were correct. 
Eight of ten short division examples were correct. The 
wrong'":quotient number was selected once. An example with 8 
for a divisor was intentionally omitted. 
In a subtraction test, a mark of 100 was earned. There 
were eighteen examples. 
In a test of subtraction of money numbers there were three 
intentional omissions. Two mistakes concerned a new error. 
George forgot that he had borrowed. 
An added difficulty in these problems lay in the fact that 
the minuend in each case ended with two zeros. If checking had 
occurred George would have cleared these mistakes. 
Twenty-eight division combinations, using 7 as a divisor, 
were answered correctly. 
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Jlly 18 
On eighteen multiplication examples involving no carrying 
and with multipliers ranging from 2 to 9 George made 100 per 
cent. Of eighteen multiplication examples involving carrying, 
and with multipliers ranging from 2 to 9, sixteen were correct. 
one error occurred in the multiplication combinations. The 
other occurred in carrying the wrong number. 
One problem, involving multiplication, was correctly 
worked. 
One hundred eight of one hundred ten multiplication 
combinations were correctly worked. 
Nine of ten problems were correctly worked. The incorrect 
one was intentionally omitted. 
Six of eight short division examples with divisors rang-
ing from two to eight were worked correctly. 
There were two errors in one example. George chose the 
wrong remainder after first quotient number was selected. The 
second quotient number was incorrect. With the second example 
the wrong quotient number was selected. 
July 19 
George was given a checking test in division. He was to 
decide whether, in four examples, the first number in the 
quotient was correct. He checked four correctly. He was then 
given four examples to check in relation to the second number 
in the quotient. Two of these were marked correctly. 
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George had been told about the proper form in long divi-
sion. He was given eight easy division examples, resulting in 
two digit quotients with no remainders. Four of these were 
correctly worked. 
Two errors occurred in failing to add a carried nwnber. 
one example was intentionally ommitted. A third error revealed 
an ignorance of how many 12's are in 114. 
Seven of eight problems were correctly worked. The 
incorrect one revealed a lack of reading ability. The compu-
tation was correct. 
July 20 
Ten of ten problems were accurately worked. 
Five of five multiplications involving third and fourth 
quadrants were graded 100 per cent. 
Ten of ten short divisions (divisors 2-9) were perfectly 
finished. 
July 21 
In ten problems three were omitted intentionally. Four 
were correct. Three were correct in computation, but incorrect 
in process selection. 
Five of five multiplications (with one digit multipliers) 
were correct. 
Nine of ten short division examples were correct. 
July 22 
In a mixed fundamental drill of six more difficult 
51 
examples, including addition, subtraction and multiplication, 
George had three right and three wrong. 
In the two addition examples the error occurred in adding 
a "seen" to a "thought ofrr number. 
In two multiplication examples (with multipliers of three 
digits}, George forgot to carry two times. He evidently left 
the carried number till the last, for it was often forgotten 
even though it had been written. 
In a multiplication example (with a two-digit multiplier), 
there was an error in combinations. 
Fifty-one of fifty-six additions of higher decades were 
perfectly finished. Four errors occurred in addition combina-
tions. One occurred in failure to remember the carried number. 
George worked forty-nine one-digit multiplier examples 
involving third-and fourth-quadrant combinations. Forty-five 
were worked correctly. Two errors occurred in addition of 
higher decade~. Two occurred in multiplication combinations. 
In a subtraction combination drill forty-nine of forty-
nine combinations were correct. 
Fourteen of fourteen easy long division examples were 
correct. The divisors were 40, 20, 50, 32, 60, 42, and 63. 
July 25 
Five of five one-step problems were accurately solved. 
A mixed drill in fundamentals brought the following results: 
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Two examples of: 
Addition of three six-digit column merited 100 per cent 
Subtraction of(four column minuend) merited 100 ner (three column sUbtrahend) ~ 
cent. 
Multiplication (Multiplicand three digit) merited 100 per (Multiplier two digit) 
cent. 
Long Division (Divisors 33, 93, 52, and 59) merited 100 
per cent. 
The errors in long division occurred in the adding of a 
oarried number when multiplying quotient digit by divisor. 
In a practice in multiplication combinations 47 of 49 
were correct. 
July 26 
Ten short divisions with divisors ranging from 2 to 9 were 
worked correctly. Obtaining the correct answers involved the 
placing of zeros in the quotient and much carrying and subtrac 
ing. 
Seven of ten problems were worked correctly. One was 
omitted entirely and two were correctly computed, but the 
wrong process was selected in each case. 
In a mixed fundamental drill 100 was obtained on each 
process. 
Four of six problems were worked correctly. Two were 
incorrect because of desire to manipulate figures rather than 
to use judgment. 
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July 27 
On this day George was given twenty examples involving the 
multiplication of money. Only one error occurred in the placin 
of the decimal point. However, there was one error in multi-
plication combinations, one error in the addition combinations, 
and two errors because of failure to add the carried number. 
In fifty-six addition combinations George m.d one error. 
In five long division examples George made 100. The 
multiplication examples involved in the proofs were also cor-
rect. 
July 28 
In a mixed fundamental drill of six examples George made 
100. An error occurred in but one example. It was a recur-
rence of an error made some time before. 
In fourteen examples from the Buswell and John Test in 
Fundamentals one error in an addition combination was noted. 
In the sa~me test twenty-eight of twenty-eight graded 
subtraction examples were graded 100. 
In multiplying, twenty-five of twenty-eight examples were 
correct. Two of the errors occurred in combinations. One 
error was the failure to add the carried number. 
In long and short division twenty of twenty-eight examples 
were correct. The eight errors were rnade in selection of the 
quotient number. 
The final test used was the Compass Diagnostic, Form B: 
Advanced. The following results were obtained: 
Total Problems in Test Attempts 
Addition 10 5 
Subtraction 10 5 
:Multiplication 10 4 
Division 10 3 
Percentage 10 0 
General Problems 10 2 
Correct 
4 
4 
3 
1 
1 
The teacher felt that at the end of the sWMaer term 
George still showed an urgent need for intensive work in 
English, spelling, and reading. George's improvement was not 
so tangible as that of some of the other pupils. However, the 
summer work produced a better attitude toward industry in a 
desire to work to capacity. 
The record of his standing in the initial and final tests 
in arithmetic and reading appears below. Blank spaces indicate 
that the student's educational age and grade e~uivalent could 
not be secured from his scores. 
~ ~--------------------------------------------------------------
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Arithmetic Test Scores, EdQcational Age, and Grade 
EqQivalent of George in Initial and Final Tests 
Compass SQrvey Educational Age Grade Equivalent 
processes Initial Final Initial Final Initial 
Addition 6 4 10-6 9-0 H-5 
Subtraction 3 4 9-0 9-6 
-
:p,ro.l tiplication 3 3 9-6 9-6 L-5 
Division 1 1 - - H-3 
Percentage 0 0 9-0 9-0 -
Problems 0 1 - - -
Total 13 13 9-0 9-0 5-0 
Reading Test Scores, Reading Age, and School 
Grade of George in Initial and Final Tests 
Final 
H-4 
H-4 
L-5 
-
-
-
5-0 
New Stanford Reading Reading Age School Grade 
Test 
Tpi ti al Fi pal Ini:tial :FirBJ. Initial Final 
Paragraph Meaning 
Word Meaning 
46 
47 
To tal (average) Rea ding 46. 5 
49 
47 
48 
9-8 
9-9 
9-8 
9-ll 3.9 4.0 
9-9 3.9 3.9 
9-1D 3. 95 4 
Observation of George at work and a detailed study of his 
daily papers suggested to the writer the following conclQsions: 
1. A time limit adversely affected the accQracy and qQanti~ 
56 
o! hiS achievement. 
2. Incorrect answers were as satisfactory to George as the 
correct answers were. This may account for the consistent 
omission of the carried number, in multiplication and addition. 
3. Satisfaction with a response, correct or incorrect, may 
have been a reason for the studentt s aversio.n to checking. 
4. Lack of power in work-type reading influenced the 
problem work adversely. 
5. As many of the errors occurred at the end of the example 
a limited attention span may have been their cause. 
6. A limited memory span may have caused the lack of auto-
matism in the multiplication combinations. 
George is a most interesting study in mediocrity. Mentally 
and educationally he was perfectly normal, if by "normal" is 
understood "average." He had finished fourth grade at the age 
of ten years and three months, the proper age for a child who 
enters first grade at the age of six. His I. Q. was 94 - a mere 
point below that which would place him in what is commonly des-
ignated the normal group. His scores on both the initial and 
final tests in arithmetic gave him a grade of 5-0 -- again, a 
perfectly normal or average score. 
Obviously, this perfectly "normal" group of children can 
never be expected to do brilliant work, and the best that can be 
hoped for is reasonably satisfactory work if conditions are 
favorable. In George's case conditions were not favorable. 
~~--------------~ 
57 
HiS chief handicaps were: 
1. Poor physical condition. 
2. Foreign-language speaking home. 
3. Lack of inspiration, with a resultant satisfaction 
with mediocre performance. 
To the teacher who finds in her class a student of George's 
type the following suggestions may be helpful. Encourage the 
parents to have the physical defects of the student removed or 
remedied as speedily as possible. Give the child many opportu-
nities for oral recitations. These opportunities may come in 
the recital of poems, in the participation in socialized reci-
tations, in oral reading, and in oral compositions. Development 
of effective study habits will produce results of better quality 
in the content subjects. The ability to handle reading of the 
work-type may develop power in the oral presentation of factual 
matter and in the solution of arithmetic problems. 
For a short period, work in arithmetic slightly below the 
child's power might be offered so that he could lave the exper-
ience of successfully completing assignments. Following this, 
in work of his own grade level, low marks might provoke dissat-
isfaction and irritate him to the point of checking his answers 
and keeping his errors to a minimum. Problems in which inaccu-
rate results would bring annoyance to his classmates and to 
himself should be presented consistently. In this type would 
come the class projects of making articles, handling change, 
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roe as uring, etc. 
If the child has any accomplishments such as violin or 
piano playing his appearance on school programs would perhaps 
counteract the feeling of inferiority which the weakness in the 
academic subjects might promote. After an attitude of self-
appraisal in academic subjects is established, friendly compe-
tition with students near his level of ability could be encoura-
ged in the effort to bring him to the higher goal of striving to 
surpass his own previous best record. 
~ ----------------------------------------------------o-9~ 
Case Study of S.A.D. 
Shirley entered s~~er school at the age of nine years and 
eight months. She had finished fourth grade. The week before 
the term opened she had her tonsils removed. The removal of the 
tonsils seemed to be the only needed correction to render her 
physically fit. For this reason no physical examination at the 
school was given. 
The scores in preliminary test in arithmetic were so low 
that neither her educational age nor her grade equivalent could 
be estimated in any one of the processes. The total score 
showed her grade equivalent to be 4.2, but again the same score 
was too low to estimate her educational age. It was considered 
inadvisable to interpolate the scores of this test. The first 
form of the reading test was not given because of the absence 
due to the tonsilectomy. 
The teacher was amazed at finding that Shirley's I.Q. was 
120. This meant that she had the highest I. Q. of any child in 
the group. She was a docile, timid child. Even in the third 
week of the term she would ask permission to get a pencil al-
though she had been told many times to help herself whenever 
necessary. The teacher felt a barrier which was never worn 
down between the child and herself all through the summer perio~ 
Shirley did not mix with the other children of the group. 
There was a lack of sympathy and co-operation between the home 
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A request to have eight multiplication combinations heard at 
nome was returned with the statement that no one had time to do 
thiS and that the teacher was to do all she could for Shirley. 
Her work was untidy and very careless. She lacked initia-
tive. She did not care for school but was tolerant of it. 
Even at the end of the term she had to be reminded to check her 
work. Her attention span was woefully limited. This may ac-
count for the fact that she reached a low fifth-grade level in 
multiplication and was still ungradable in addition. The short 
addition required in multiplication required concentration of 
less length than that of column addition. 
The child was entirely upset by any change of procedure. 
There was no apparent transfer in the ability to handle identi-
cal elements in the various forms of a process. A sample of 
this occurred in the subtraction process. After a fair degTee 
of power in the subtraction combinations had been attained the 
child was unable to supply the missing minuends or subtrahends 
when the examples were written in the following form: 
6 
9 
Shirley's third and fourth years had been poorly attended 
because of difficulties arising from the diseased tonsils. This 
explains her ignorance of the division forms, long or short. 
If her parents had been understanding, the wisest procedure 
WOUld have been to have her repeat the fourth grade. The "lost" 
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year could easily have been made up before she finished eighth 
grade. 
In the report to her parents the school officials informed 
them that the lack of correlation between Shirley's mental power 
and her achievement was a matter of astonishment to the facult.y. 
Another cause of wonder was the lack of consistency between her 
careless, unchecked work and her obedience to and tolerance of 
orders. It was suggested that a psychiatrist might reveal some 
emotional disorder or that a social worker might assist in a 
home adjustment that would help conditions. 
A study of the achievement and the error charts show much 
improvement during the work of the term. This development in a 
child with an I. Q. of 120 should have been of greater extent 
considering the ideal conditions offered for work. 
The writer discovered no error that was outstanding during 
the term; no set of number combinations that caused the student 
special difficulty. The attack had to be general, as the weak-
neeses were so general. To summarize: the teacher's work 
resolved itself into t~e development of study habits, attitudes, 
and the automatization of combinations of the four fundamentals. 
In another portion of this paper will be discussed the 
interference which occasionally occurred in the mental processes 
In the Compass Survey Test, Advanced Examination: Form A 
hirley attempted seven addition examples. Two were computed 
ccurately. Three of those attempted were beyond the grade work 
~ -------------------------------------------------------62~ 
she had experienced. Two of the remaining four were incorrect 
because of errors in adding a "seen" to a "thought of" number. 
In the subtraction part of the test mentioned above the 
student attempted five and correctly finished two examples. The 
three errors were due to ignorance of the subtraction combina-
tions. 
Five examples were attempted in multiplication. One was 
correctly computed. Two of the errors were concerned with 
problems beyong Shirley's grade. Two examples were incorrect 
because of errors in the multiplication combinations. 
Six division examples attempted resulted in one correctly 
completed. Three of those incorrectly worked showed a lack of 
knowledge of the long division process. One showed ignorance of 
the method of dividing denominate numbers. In another incorrect 
example the difficulty arose because of inability to handle the 
division combinations. In all processes the student displayed 
no power to place the decimal point. 
In general problems, one of two atte~pts was incorrect. As 
the answer was not accompanied by any computation the writer was 
unable to locate the source of difficulty. 
With the completion of the preliminary test the teacher 
realized that drill work in the combinations of four fundamenta 
was imperative. Three of the first five errors checked involved 
difficulty with the subtraction, multiplication, and division 
combinations. 
The Compass Survey Test was followed by two diagnostic 
tests. The Compass Diagnostic Tests were used to locate the 
student's weaknesses in division and in addition. 
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In the basic addition facts thirty-four of thirty-five 
attempts were correct. The successful attempts included twelve 
combinations of the first, six combinations of the second, elev-
en combinations of the third, and six combinations of the fourth 
quadrant. 
In the higher decade addition seven errors occurred in 
fifty-four attempts. Forgetting to add the carried number re-
sulted in the wrong answer four times. Errors in three addition 
combinations produced three incorrect sums. 
Nine of ten examples in single column addition were com-
pleted successfully. The error committed was that of failure 
in adding a "seenn to a carried number. 
In column addition with carrying a grade of 100 per cent 
was reached on nine attempts. 
Six efforts to check addition examples by adding downwards 
resulled in a mark of zero. It is difficult to reconcile the 
grade of 100 in column addition above with a grade of zero in 
checking the same type of material. The writer offers two prob-
able causes for the difference in grade: Shirley was accustomed 
to upward adding, or the change in process may have affected he~ 
The appearance of the wrong answer may also have influenced the 
accuracy of her computing. 
··~ 
TABLE III 64: \ 
Numb.ar of Probl~mR A..ttempbed by Shirley, Nunbet" Rir;ht; 
and Percenta~e or Accuracy 
Addi":;ion Subtraction Mu1tiplioat)o-., Division Problems 
~---
Preliminary 150 127 84.6 5 2 40 5 l 20 6 l 16.6 2 1 50 
64 49 92.1 6 4 80 
20 1 5 
22 8 44.4 
27 13 10 76.9 6 4 66.6 
28 12 10 83.3 24 21 87.5 
29 6 6 100 
30 21 18 85.5 
1 3 1 33.3 
5 23 23 100 25 24 96 5 5 100 
6 22 22 100 4 3 96 
7 12 12 100 15 13 86.6 6 6 100 
8 18 16 88.8 6 5 100 1' 0 0 8 8 100 
11 112 112 100 19 19 100 17 14 82.3 
12 112 109 97.3 112 111 97.1 3 3 100 
13 80 77 96.2 24 19 79.1 13 13 100 
14 RO 77 96.2 13 10 76.9 
15 43 42 97.6 31 31 100 7 7 100 
18 8 1 12.5 10 8 RO 
19 24 24 100 20 19 9.5 10 6 60 
20 6 6 83.3 10 6 60 10 9 90 
21 5 5 100 6 1 76.6 
22 5 5 100 10 7 70 ~0 4.5 45 
25 2 2 100 10 8 80 8 7 87.6 
26 2 2 100 5 2 40 4 4 100 
27 3 3 100 2 1 50 
28 2 2 100 2 2 100 2 1 50 
23 22 95.6 20 17 85 20 20 100 19 6 26.3 
'Final 6 3 50 7 2 28.5 5 3 60 3 0 0 ~ 2 100 
-
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TABLE IV 
Opportunities of Shirley for Errors of 18 Types, by Days; 
Nunber of Errors Made; and Percentage of Accuracy 
-
-
Error 1 2 3 4 5 6 7 8 9 
--- --·· -
Prelim-
inary 2 26 76.1 1 
- -
3 15 20 2 16 12.5 1 4 25 
6 231 2.1 3 69 4.3 1 2 50 4 143 2.7 5 51 9 .a 2 
- -
18 20 90 
3 130 2.3 
2 132 1.1) 4 48 8.3 
1 20 6 
2 38 62 
6 1 20 5 
7 1 30 33,3 1 49 2.0 
8 2 76 2.6 
11 
12 1 112 .a 1 112 .8 
13 2 72 2.7 3 80 3.6 3 72 4.1 
14 3 80 3.7 
15 l 43 2.3 
18 
19 l 20 5 
20 1 as 3.8 
21 
22 1 as 3.8 
25 ~ 36 2.7 
26 2 27 7.4 
27 
28 ~ 14 7.1 
Final 1 39 2.5 
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TABLE IV (continued) 
.. ...., ._. .... --
-
---·----
. - -~ ... 
-·· -- - --·-------•· - - ----- _.,. --- --
•. - '. -· -- --~------· 
---·- -,......--~-~-· -*l.----r--~· 1~ 14 "1~ -·--·-- 18 _u__ 19 
Prelim 
inary 
1 21 4.7 
2 72 8.b 
1 14 7.1 
1 15 6.6 1 26 4 
1 24 4.1 
2 2 100 2 2 100 2 2 100 
2 4 50 
i 2 4 50 
1 5 20 
---··--- ----~---· -- . -~-
___ j ______ 
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The diagnostic test in division disclosed the fact that the 
student was ungradable in any phase of the process except its 
~ocabulary. In this function she made a grade of high-fourth. 
!S had been indicated in the survey test, the student evidenced 
no knowledge of long division form. On division combinations 
from a possible twenty she·answered one correctly. 
In the multiplication which accompanied the division exam-
ples of this test fifty-nine of sixty-four combinations were 
answered perfectly. Twenty-six of twenty-nine combinations oc-
curring in the dividing were correct. A score of zero on short 
division with carrying was obtained toward a possible twelve 
grade. In the estimation of the first quotient number a score 
sixteen toward a possible seventy was earned. 
Thirteen addition examples of increasing length and diffi-
culty were attempted by Shirley. Ten were computed accurately, 
but too slowly. Shirley counted to obtain results. She had not 
developed automatic control of the combinations, especially 
those of higher decades. She never considered the checking of 
results. The same error occurred three times in this exercise; 
that of adding a "seen" to a "thought of" number. 
Six multiplication examples with multiplicands and multi-
liars of two digits each received a grade of 66.6 per cent. 
Two were incorrect because of confusion of the processes. For 
the first partial product the student added the multiplier and 
Ultiplicand. Shirley had not acquired the habit of placing the 
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sign for the process she was using. 
the two errors. 
This may have accow1ted for 
This paper will not present a daily description of the 
ssignments, achievement, accuracy of achievement, error types, 
their freQUency and rate of frequency. 
1. l.Ustake in adding a "seen" to a "thought of" number. 
967 
298 
573 
764 
2612 
2. Copied figures incorrectly. 
3. Error in subtraction combinations. 
124.63 
14.98 
109.65 
4. Error in multiplication combinations. 
561 
xl07 
4067 
5610 
60167 
5. Error in division combinations. 
50 
7 450 
6. Error in addition combinations. 
5 
4 
1"3" 
7. Forgot to add carried number. 
3 
18 
rr 
8. Confusion of processes. 
8 
68 
xl3 
-n 
681 
76T 
9. Intentional omissions. 
10. Forgot to add the carried nunilier in multiplying. 
11. Reversal of digits. 
27 
x6 
~ 
31 for 13. 
12. Forgot that she had borrowed. 
985 
258 
~ 
13. Carried the wrong number. 
834 
x7 
5938 
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14. Ignoring the remainder after estimating quotient number. 
14 
8 
8 ""6"!) 
15. Ignoring zero in dividend. 
27 
3-sfO 
16. Failure to place a zero in the quotient. 
3 7 
3 9n 
17. Wrong remainder after proper estimate of quotient,. 
87-4 
4 351 
18. Did not place partial product properly. 
1522 
x290 
136980 
3044 
167420 
June 28 
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Ten of twelve examples with three four digit columns each 
were worked correctly. The error of the previous day occurred 
twice. The student never wrote the number which was to be 
carried. With a child whose attention span was so limited the 
development of this habit would have been an aid to accuracy. 
Twenty-one of twenty-fom~ subtraction examples were accur-
ately completed. The four mistakes were of the same type. 
They were due to lack of knowledge of the subtraction combina-
tions. 
The tables of 6's were written perfectly. The oral work 
involved flash card drill and correction of errors of the pre-
vious day's work. The teacher encouraged the checking habit, 
the habit of writing down the carried nu~mber, and the endeavor 
to write more legibly. 
June 29 
Six of six subtraction examples were graded 100 per cent. 
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Nine of ten multiplication examples with one digit multipliers 
lVere right. The error occurred in the multiplication comb ina-
tions. 
The tables of 7's and 8's were written perfectly. In the 
flash card drill intensive work was done with 7 and 8 as 
multipliers. 
June 50 
Shirley completed correctly sixteen multiplication exam-
ples with one-digit multipliers. Three attempts contained 
errors. One error was due to failure to add the carried num-
ber. Mistake in multiplication combinations were responsible 
for the other two inaccuracies. 
She was then given three multiplication examples with 
two-digit multipliers. Only one was accurately completed. The 
first error was the confusion of processes mentioned earlier 
in this paper. The second error was a reversal of digits. 
An exercise involving money-writing was unsuccessful. Two 
of twelve money amounts were properly written. As these were 
the first two a knowledge of the process was apparent. Fatigue, 
limited attention span, or both of these may have produced this 
disappointing result. 
July 1 
Most of this morning was devoted to oral drill, individual 
flash card drill, and correction of the work of the previous 
day. 
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One of three multiplication examples was worked correctly. 
~0 failures to add the carried number produced the inaccuracies 
Fart of the paper was filled with marks which showed that the 
student dwadled a portion of the period. 
At the end of the first week the teacher's new concerns 
were the student's timidity, slowness, short attention span, 
and aversion to checking. 
July 5 
Shirley correctly worked twenty-four of twenty-five sub-
traction examples. Seven of these involved borrowing. Twenty-
three single column additions were perfectly finished. Five of 
five simple one-step problems were solved accurately. The teach 
er had planned problem material several days before this. The 
slowness of the student's computing retarded matters. Problems 
had been solved orally several days previous to this. 
July 6 
The student worked twenty-two of twenty-two subtraction 
examples correctly. Three of four multiplication examples with 
two-digit multipliers were right. The error was one in the 
ultiplication combinations. 
July 7 
Thirteen of fifteen multiplication examples with one-digit 
Ultipliers were correctly finished. An error in the multipli-
ations, and the carrying of a wrong number were the inaccuraci~ 
Twelve simple addition examples involving the higher 
decades were completed without an error. 
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Seven of nine examples in subtraction was accurately 
completed. One error occurred in the subtraction combinations. 
The other was that of forgetting she had borrowed. The paper 
was very untidy and carelessly arranged. This was a surprise, 
as the work for a few days previous had been neatly arranged 
and legibly written. 
Five simple problems involving money-writing earned a 
100 per cent grade. 
J~y8 
Five multiplication examples with multipliers of 6, 7, 8, 
9, and 3, respectively, were perfectly finished. 
Eight problems in the subtraction process were done cor-
rectly. 
This was the first day Shirley had been assigned division 
work. Seven attempts were incorrect. Shirley was able to es-
timate the first quotient number, but she had no notion of how 
to handle the remainders. 
Sixteen of eighteen single-digit colums were added accur-
ately. The errors occurred in adding "seen" to "thought of" 
numberi. 
The end of the second week found the student able to 
produce more work. She seemed less timid and more interested. 
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July 11 
The third week the student used a work book. This increa 
ed the number of solutions reached, as much written work was 
avoided. In writing numbers, fifty-four of fifty-eight answers 
obtained were correct. 
One hw1dred twelve of one hundred twelve addition combi-
nations were perfect. 
Fourteen of seventeen one-step problems involving simple 
addition combinations were right. In those incorrectly solved 
the computation was correct, but the wrong process had been 
selected. 
Shirley correctly worked nineteen of the most simple 
short-division examples the teacher could provide. The divisor 
in each case was 2 and the dividents ranged from 2 to 20. The 
aim was to establish the short division form and the notion of 
a remainder. The teacher felt that she had offered the student 
work which was too difficult on the previous day. 
July 12 
To give the student an opportunity to follow directions 
and to provide a little variety, time-telling and counting 
exercises were given. She was successful in both exercises. 
In a test of subtraction facts one hundred eleven of one 
hundred twelve were correct. The error was one in the sub-
traction combinations. 
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In a test of subtraction in which missing minuends and 
subtrahends were to be supplied the difference between the two 
given numbers was inserted as in the answer in almost every 
case. 
0 
-7 
7f 
0 
-8 
'S" 
1 
-8 
9' 
The ability to follow directions needed to be encouraged. 
One hundred nine of one hundred twelve easy addition 
examples were accurately answered. 
Three simple problems in addition were solved accurately. 
July 13 
In eighty addition examples the student worked seventy-
seven correctly. The three errors occurred in the addition 
combinations. 
Of eight problems in addition eight were correct. 
Five of five problems in multiplication of money were 
correct. 
Short division had been discussed, work of other children 
had been shown to Shirley, and flash card drill in the division 
and multiplication combinations had continued daily. 
Nineteen of twenty-four examples in the multiplication of 
money were correct. The errors occurred in the failure to add 
the carried number, and in the combinations. 
July 14 
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July 14 
Ten of thirteen problems were accurately finished. Two 
errors were due to the selection of the wrong process and one 
was due to misunderstanding of the problem's wording. 
Seventy-seven of eighty subtraction examples were correct. 
The three errors occurred in the combinations. 
July 15 
In the writing of money numbers a grade of ninety-three 
was made. Forty-two of forty-three simple addition examples 
were correct. An error in addition combinations was made. 
Thirty-one simple short division examples with a divisor 
of 7 and quotients of one digit merited a 100 per cent grade. 
Shirley had such poor habits of study and so many weaknessed to 
improve that opportunities to attack the short division were 
not so plentiful as the teacher would h~e liked them to be. 
Seven of seven problems were solved correctly. 
July 18 
Shirley was presented with short-division examples entail-
ing two or more digits in the quotient and the remembering of a 
remainder. In two or three she handled the carrying nicely, 
and then spoiled the result by ignoring a zero in the dividend, 
or a zero in the quotient. Only one of ten attempts was cor-
rect. 
Eight of ten problems were correctly finished. One was 
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intentionally omitted, and in the other the wrong process was 
selected. 
July 19 
Twenty-four of twenty-four multiplication combinations 
were correct. 
Nineteen of twenty division combinations were perfect. 
Six of ten problems were solved correctly. Two were wrong 
because the wrong process was selected, and two because of a 
subtraction and a multiplication error. 
July 20 
Five of six multiplication examples were correct. An 
error occurred in a multiplication combination. 
Nine of ten problems were correctly solved. The incorrect 
one was incomplete. 
Six of ten short division examples were correctly computed 
The grade was not high, but it was a splendid step in the right 
direction. Shirley's attention was drawn to the differences in 
the results in dividing 48 and 408 by 2. The work involved 
carrying remainders, the divisors were varied and the dividenE 
were three, four, and five digits. The student felt greatly 
encouraged. 
July 21 
Only one of six two-step problems were solved correctly. 
Shirley did not seem to be able to carry through when work 
increased in difficulty. 
Five multiplication examples with 5, 6, 7, 8, and 9 as 
multipliers earned a 100 per cent grade. 
July 22 
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Shirley's papers began to deteriorate in tidiness and 
legibility. The writing was not even of second-grade level on 
some days. The instant the difficulty of the work increased a 
slump in good habits fairly well established was apparent. 
Four and a half of ten two-step problems were correctly 
solved. Three were incomplete, one was intentionally omitted, 
one was incorrectly computed, and one was missed because of 
inadequate background. Shirley thought that six pints make a 
quart. 
Five of five multiplication examples were correctly worked 
Eight of ten short division examples involving conditions 
mentioned on preceding days were correct. One error was made 
in the division combinations and another occurred in ignoring a 
zero in the quotient. 
July 25 
Seven of eight problems were finished perfectly. In the 
incorrect one Shirley chose the wrong process. 
Shirley was given some long-division examples with divi-
sors of 50, 20, 30, 40, 62, 62, 32, etc. Eight of ten were 
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right. Several of them had remainders in the answer. One 
error occurred in the selection of the wrong quotient number. 
The other error was one the writer is unable to classify except 
by saying tre t the first number of the divident was ignored. 
2 
30 697 
60 
mw 
This may have been a visual slip. 
Two of two addition examples with three five-digit col-
wmns were right. 
Three of four multiplication examples with two- and three-
digit multipliers were correct. 
July 26 
On four long division examples with divisors of 40, 34, 
50, and 63 Shirley made 100 per cent. 
On two addition examples of fifth-grade difficulty Shirley 
graded 100 per cent. 
On five multiplications no more difficult than those 
graded 100 two days before the student made only 40 per cent. 
July 27 
Most of the work on this day was oral. 
Three of three long division examples were correctly 
worked. 
One of two problems was correct. 
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July 28 
In a mixed fundamental drill the following results were 
obtained: 
Addition 
Subtraction 
Multiplication 
100 per cent 
100 per cent 
50 per cent 
In a graded test in the fundamentals the following 
results were obtained: 
Addition 
Subtraction 
Multiplication 
95.6 per cent 
85.0 per cent 
100 per cent 
Division 26.3 per cent 
July 29 
The Form B of the examination given on entrance was 
administered. The record of both tests appears in the follow-
ing paragraph. 
Arithmetic Test Scores, Educational Age, and Grade Equivalent 
of Shirley in Initial and Final Tests 
Compass Survey Test Educational Age Grade Equiv. 
Processes Initial Final Initial Final Initial Final 
Addition 2 3 
Subtraction 1 2 
Multiplication 1 3 9-6 L 5 
Division 1 .. 
- -
!"! 
81 
Arithmetic Test Scores, Educational Age, and Grade 
Equivalent of Shirley in Initial and Final Tests 
:::::-- Compass Survey Test Educational Age Grade Eq ui valm~ 
]?rocesses Initial Final Initial Final Initial 
;;-.----
]?ercentage 0 0 9-0 - -
J?roblems 
Total 
1 2 - - -
6 10 - - 4.2 
-
Reading Test Scores, Reading Age, and Grade 
Equivalents of Shirley in Final Tests 
(Shirley missed the initial test in reading) 
Final 
-
H 4 
4.6 
School 
New Stanford Reading Test Reading Age Gzade 
Paragraph 1/i:eaning 
'Nord lieaning 
Total (average) Reading 
59 
56 
5'7.5 
10-'7 
10-5 
10-6 
4.6 
4.4 
4.5 
-------------------------------------------------------------------1 
Conclusions 
1. The student 1 s attention span was very short. 
2. The student 1 s memory span was decidedly limited. 
3. Any element of change in a familiar situation produced 
disastrous results. 
4. Temporary lapses in apparently well-established habits 
occurred several times during tne term. 
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5. Interference in the ~ental processes was obvious in 
several error types. 
6. Bonds of learning in the fundamental processes and in 
their basic facts were weak. 
7. The child was timid to the point of being suppressed. 
8. The teacher suspected some emotional disorder which 
was not apparent to even an interested observer. 
9. There was a mere endurance of school work which pre-
eluded any pleasure or enthusiasm in it. 
10. General weakness rather than special difficulties 
characterized the student's work. 
11. An I. Q. of 120 does not neces·sarily mean satisfactory 
school achievement. 
Shirley belongs to that group of children whose achieve-
ment is far below that which their I. Q.. 's would lead a teacher 
to expect. Interfering factors work against the achievement. 
These interfering factors may be excessive introspection, day 
dreaning, short attention sp~. In classrooms this type of 
pupil will be found sitting ~uietly and causing the teacher no 
annoyance in matter of discipline. For this reason she is apt 
to be overlooked, misunderstood, or classified as a child of 
mediocre or even inferior ability. She presents, because her 
Weaknesses are so general, a much more difficult problem than 
does the student with weaknesses that are specific. 
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The teacher must not be deceived into forgetting this 
q~iet, good child as she may be the one most in need of con-
siderate attention. Often, as in this particular case, the 
st~dent is a day dreamer, perhaps endeavoring to block off a 
part of her personality from the rest of self and reality. A 
feeling of inferiority coming from failure in a particular 
s~bject (this type of failure is usually so marked before clas 
mates) may inspire the child to set off on a trip to her inner 
thoughts and to indulge in what we commonly call a day dream. 
Morgan tells us that excessive day dreaming shows a dissatis-
faction with reality (29:103). 
This type of pupil should have many opportunities for 
activities which entail relationships with other people. Such 
activities m8¥ occur in the delivering of messages, passing 
papers, heading the lines at recesses and dismissals, playing 
games with others, and so forth. The encouragement of all 
activities which demand oral expression might serve as an out-
let for the suppression in the child's behavior. Encouragement 
of her own initiative is also an invaluable developing influ-
ence. 
At all times the teacher must be the friend who is willing 
to help, yet careful not to force herself, lest her anxiety 
defeat her objective - to build up the dhild's confidence and 
to eliminate the feeling of fear. The teacher must be careful 
not to confuse sympathy with sentiment. If she cannot obtain 
the confidence of the student she should try to find someone 
~ho can. Only a teacher with an inflated ego will feel that 
she can win every child's confidence. 
The teacher should arrange the work so that the pupil 
tastes the joy of victory. When a certain degree of self-
confidence is established she should shift the work to the fie 
in which the weaknesses lie. A discreet and tactful talk to 
the child concerning the weaknesses may be helpful. The endea-
vor to build up an attitude of facing the weaknesses and remov-
ing or modifying them is of great importance. 
This type (to the writer) is one of the most difficult to 
reach. The teacher must remember that she is working upon 
something intangible and that the results of her work are far 
reaching. She may never know that she has succeeded. She may 
never know that she has produced a condition more pitiable than 
the one upon which she began her work. 
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Case Study of M. M. 
Margaret had finished sixth grade when she came to summer 
school. She had an I. Q.. of 101. Her age was twelve years and 
eight months. She was nervous, temperamental, hypersensitive, 
·and had the disposition of a persistent worrier. She was ex-
ceedingly anxious to progress, pleased with praise, and deeply 
downcast over adverse criticism. 
At first her tenseness about the work bordered on hysteria 
She wanted to work during recess even on the warmest days of 
July, 1932. She could scarcely wait till the teacher finished 
with the other pupils before coming up for the next assignment. 
Much of this drive was within herself, but there was a motiva-
tion from her mother which was too powerful for the child's 
good. She would ask to take home extra work to do at night. 
For half an hour before school opened each morning Margaret had 
a private tutor in arithmetic. 
The student enjoyed talking about herself. During the 
physical examination she admitted that she had had fainting 
spells, and that she had once been under emotional strain. The 
doctor reports that she said "sets into tantrums of fear - is 
that convulsions?" Two years before she had a nervous break-
down which removed her from school for nine months. The desire 
to regain the lost time may have urged her to work slavishly, 
although she never discussed this loss of time with the teach-
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The doctor considered her normal physically. 
A splendid gain was made during the five-week period in 
the fundamentals, problem-solving, paragraph comprehension, and 
word selection. A two-year gain in reading showed that power 
in reading problems had transferred to the ordinary reading 
content. A three-year growth in addition and division was 
shown in aoomparison of the initial and final tests. 
In the preliminary test the student was Wlgradable in 
addition. Her trouble occurred in single-column addition and 
downward checking of three-and-four column addition. In the 
same test she was also ungradable in general problem work. 
In the Compass Diagnostic Test XI!: General Problem Scale she 
made an equivalent to Low Sixth. In the, Final test her rating 
was a grade equivalent to Low Seventh. The total gain for the 
five weeks was a grade year from 5.8 to grade 6.8. This is the 
highest gain recorded among these 6 case studies. 
This student raruced next to the lowest in regard to her 
I.Q.. The teacher's part in the term work was to develop the 
habit of checking, promote the ability to analyze a problem 
into its elements, and to help the little girl to relax. 
Below follows a daily description of the error types, 
error samples, accomplishment, accuracy of achievement, the 
error and accuracy charts. 
·~ 
~--------------------------------------------------------------~8~~\ 
TABLE V 
======-===-:::-::::~ ::.::::==::::=:::::::.:--:::..:.:.·-.::.-.:·:·========a=n:=:cl:=:=:Pe=r·~~:r:.~!l-.J~_o!_ Ac_curn C:.' -==::=====-======-==:n;:;:;::::;;;::;-Decim&1 
Pre '1. :i:rr·irtary 
Diap;nostic 
7 
23 
5 
7 
10 
Ad•iition 
3 42,8 
~~'S 1(\(l 
Final 
4 80 
28 
5 71.4 
8 80 
29 
30 1 0 0 
1 1 1 100 
5 U> 10 100 
6 5 4 80 
7 
8 
11 26 26 
12 
13• 
14 
15 
18 
19 3 3 
20 42 42 
21 24 24 
22 4 4 
25 2 2 
26 
27 2 1 
28 29 29 
10 8 
96.1 
100 
100 
100 
100 
100 
50 
100 
80 
9 
8 
Su'b+;rsction 
6 66.6 
8 100 
5 5 100 
32 
1 
2 
2 
42 
2 
30 
9 
28 87.5 
1 100 
2 lCO 
2 100 
41 97 
2 100 
29 96 
5 55.5 
Mu1t:i 1•l ication Di vii> ion Prohleu s Notation 
10 5 ~~-~~0~-4r--~OIO~.brr-w-.,,!--~!4o~~~--------
10 
12 
9 
14 
7 
5 
4 
1 
2 
2 
2 
2 
2 
8 
10 
6 
6 
14 
1 
1 
4 
1 
2 
2 
1 
2 
0 
4 
100 
50 
66.6 
100 
14.2 
20 
100 
100 
4 2 50 
1 1 100 
30 22 7'6.3 
5 4 80 
6 5 100 
3 
100 2 
100 2 
50 2 
100 2 
0 2 
50 25 
3 3;-s. 3 
2 10C' 
1 50 
1 50 
2 100 
2 100 
24 96 
9 9 100 
17 R 47 
8 8 100 
12 12 
5 5 
5 3 
100 
100 
60 
2 1 50 
11 11 100 
2 2 too 
3 2 66.6 
5 4 100 
5 4 80 
10 8 8(}1 
1 1 100 
6 4 66.6 
0 9 90 
0 10 100 
~5 7 46 
9 5 55.5 
8 7 87.5 
·~ 
~----------------------------------------------------------------, 
1 
2.1 2 46 43 
28 2 93 2.1 
29 
30 2 12 16.6 
1 2 122 6.6 
6 1 52 1.9 
8 1 23 4 .. 3 
11 1 228 .4 
12 
13 
14 
15 
18 
19 
25 1 R 12.5 
1 27 3.7 
26 
27 
'1.'4-BLE VI 
OnporhmH.ies 0f lf.arg:a.ret for Errors nf lo Typ€<s; by Days; t-ru.~~i'o€1!' 
of ErrPrs 1.1adtl; and Pe:rN'+nta.~e of Errnr 
2 3 4 5 6 7 
-
2 
- -
1 7 14.2 1 1 JOO 1 2 50 1 2 50 1 1 100 
1 3 33.3 1 28 3.5 
2 
- -
4 40 10 
l 17 5.8 ' 
5 29 3 .4 1 29 3.4 
3 1 
88 
1 1 100 
2 R 33.3 
1 15 6.6 
1 6 16.6 
1 7 14· .2 
1 2 50 
1 
I TABLE VI ( cont ir:usCi) 
-
9 10 11 12 13 14 15 16 
-
27 1 2 50 
28 
29 4 9 44.4 
30 1 15 6.6 1 6 16.6 1 2 50 
1 1 8 12.5 
6 1 8 12.5 
8 
11 2 127 1.5 2 70 28 
12 1 26 3.8 1 19 5.2 1 4 25 
13 2 35 5.7 1 1 100 
14 1 32 3.1 1 1 100 
16 2 :53 8.6 2 26 7.6 
18 
19 
25 
26 1 66 1 .. 5 1 10 10 1 16 6.2 
27 1 
1. Error in adding a "seen" to a ""thought of'n number. 
2. Error in copying. 
967 
298 
573 
764 
3~ 
3. Confusion in processes. 
9 2 9 
14 7 49 
7 
4. Ignorance of' borrowing procedure in the subtraction 
of' mixed numbers f'rom whole numbers. 
5. Error in multiplication combinations. 
9x6 = 56 
9x0 • 9 
6. Inability to multiply a fraction by a whole number. 
2 X 10 • 6 ~ 
7. Inability to multiply denominate numbers. 
9yd 2f't 
7 
64yd 4ft 
8. Omission of decimal point. 
85 
21 17.85 
16 8 
"-mJ; 
1.05 
90 
r 
9. Failure to reduce to lowestterms. 
-
23.!. 9 = 115 8 A 5" --rr2 
10. Error in placement of decimal point. 
21 418 
--:1:'9-19 
n-
11. !rristake in subtraction combinations. 
98.0 
-15.7 
82.2 
91 
12. Selection of wrong remainder after correct estimation 
of quotient digit. 
,7 
7.00 
--s8-7 
8 
13. Forgot to add carried number. 
17 
16 
3 
398 
184 
b!'S' 
14. Forgot that she had borrowed. 
$8.35 
7.57 
--:as 
15. Carried wrong number in multiplying. 
15.5 
9.3 
465 
1185 
12415 
16. Error in placing partial 
86,7 
64.0 
3'4"b8'"Cr 
5202 
86700 
product. 
In the addition part of this test seven were attempted 
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and three were correct. Three types of errors were discovered. 
TWo mistakes were made in adding a "seen" to a "thought of" 
number. One error was due to copying the wrong number. The 
last error was that of confusing the. multiplication process 
with that of addition. 
In subtraction, a rating of 6~ per cent in accuracy of 
accomplishment was attained. Six of nine attempts were cor-
rect. Two errors occurred in the subtraction of mixed numbers. 
Through the first error the student displayed no knowledge of 
the borrowing procedure when a mixed number was subtracted from 
a whole number. The second error was that of multiplying in-
stead of subtracting. In the third example a change of co~~on 
denominators was necessary. Correct nwmerators were found, 
but the student used 56 instead of 54 as the denominator. This 
error was recorded as ignorance of tre multiplication combina-
tion. 
Five of ten attempts in multiplication were correct. The 
first mistake was in the multiplication combinations. The 
second error was tla t of copying thew rong number. The third 
and fourth errors showed lack of ability to multiply a whole 
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number by a fraction. The last error occurred in the multiply-
ing of denominate numbers. No knowledge of the procedure was 
apparent. 
In division four of six attempts were correct. The ommis-
sion of a decimal point and the failure to reduce to lowest 
terms produced two inaccuracies. 
One of ten attempts was correct in percentage. The teach-
er believed that this accuracy was one of chance. Most of the 
answers were guesses; and as Margaret's grade would indicate no 
experience in percentage, it is not being considered in this 
report. 
In the problem work one of seven attempts was correct. 
Five of the attempts were beyond Margaret's grade experience. 
The last error occurred in the name of the answer. Linear in-
stead of square units were named. 
June 27 
In the addition part of Buswell and John's Diagnostic 
Chart for Individual Difficulties in Fundamentals of Arithmetic 
Margaret made no errors in twenty-three examples. She dis-
covered two errors in her checking and eliminated them before 
the grading of the paper. 
Eight of eight simple subtraction examples were worked 
correctly. Work in the notation of decimals was offered to 
the student. Nine of ten were written correctly. The one 
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error occurred in the copying of the number. 
In changing fractions and mixsd numbers to decimal form, 
and the reverse, seven of fifteen were answered correctly. 
After an interview with the teacher and a checking of the work, 
seven of the eight incorrect answers were corrected. 
Four of seven attempts in the addition of decimals were 
correct at the first effort. A check remedied one error before 
the grading of the paper. Two errors included the omission of 
the decimal point and a mistake in copying a number. 
:Margaret was given an exercise in finding erroits in point-
ed answers. She graded 100 per cent on ten such problems. 
Four of five examples in addition of irregular columns 
received a mark of eighty. The error was due to the incorrect 
copying of the problem. 
An oral and written drill on aliquot parts and on chang-
ing fractions to decioals was given. This completed the morn-
ing's work. 
June 28 
Eight of ten addition examples of increasing difficulty 
were correct. A checking of the two incorrect examples reme-
died the errors. 
June 29 
lifine of nine money-writing problems were completed 
correctly. 
l 
In the making of a bill there were 
mal-point location. 
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four errors in deci-
Ten of ten examples involving the multiplying of money 
were accurately finished. 
June 30 
In the making of a bill all items were listed correctly 
in regard to the location of the decimal point. The coltunn 
writing was very irregular and an error occurred in the addi-
tion of the bill. The student recopied the column in a reat 
fashion, but the same type of error was committed again. 
Margaret was given a set or problems and told to work as 
many as she could. She worked seventeen. Eight of these were 
accurately solved. Most of the errors occurred in computation. 
One problem was incomplete. This paper will be concerned with 
just the computation errors of the problems. Errors of reason-
ing were discussed with Margaret, but the writer is not record-
ing them at this time. 
There were four errors in the multiplication conbinations 
and one in the sUbtraction combinations. Two errors occurred 
in adding a "seen" to a "thought ofn number. One decimal point 
was misplaced; another decimal point was omitted. The wrong 
remainder was obtained after the selection of the correct quo-
tient digit. 
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July 1 
Seven of eight examples in changing fractions to decimals 
~ere correct. The error which occurred was that of choosing 
the wrong remainder after the correct QUotient digit had been 
selected. 
A bill was itemized correctly. It is listed in this pa-
per as a problem in addition. 
July 5 
Five of five examples in subtraction involving borrowing 
were accurately finished. 
Ten of ten addition problems of 3 four-digit columns 
received a 100 per cent grade. 
Eight of eight two- and three-step problems were accurate-
ly solved. 
Three problems not recorded in the accuracy of accomp-
lishment chart were incorrect because of confusion of methods 
of finding area and perimeter and confusion of multiplication 
and division of fractions, shown by inversion in multiplication 
of fractions. 
July 6 
lour of five reasonable difficult exarnples in addition 
were correct. The student forgot to add the carried number. 
In a second addition exercise four of five were correct. 
1 The error occurred in adding a n seen11 to a "thought ofn number. 
Three of four problems were correctly worked. The in-
correct one resulted from confusion of area with perimeter. 
Two of the correctly worked problems involved the writing of 
bills. A great improvement was noted in the regu2rity of 
money columns, arrangement of items, and the manipulation of 
the numbers. 
July? 
Twelve problem attempts were accurately completed. The 
computation related to these problems involved addition and 
multiplication of fractions, decimals, and whole numbers. 
July 8 
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In two sets of exercises the student wrote just the 
answers. Three errors in these answers could not be analyzed. 
~ive of five simple problem attempts were finished per-
fectly. 
In the making of a bill an error in addition occurred. 
The failure to add the "seenlf to the nthought of" error was one 
of the student's chronic ailments. 
Three of five problem attempts were correct. The two 
errors lay in the confusion of method of obtaining perimeter 
with that of obtaining area. 
Margaret was exceedingly anxious to progress. She was 
industrious to the point of hysteria. She delighted in good 
marks. She had the manners of a finished adult. When adverse 
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criticism was offered she felt it very keenly. She was very 
easily crushed. A mark below 85 was a distinct blow to her 
pride. 
July ll 
The third week 11argaret was given a work book. In a test 
of adding three-figure numbers and larger numbers twenty-five 
out of twenty-six attenpts were correct. The error or adding 
a nseen" to a nthought of" number occurred. 
In an exercise in writing numbers, thirteen of twenty-two 
attempts were correct. Ten of the examples concerned Roman 
numerals. The student had had little eX];)3 rience in these. 
Nine examples were given in the changing of mixed numbers 
to improper fractions. Seven were correct. The two errors 
may have occurred in higher decade addition or in the multi-
plication combinations. As the answer was not accompanied by 
any work, the marker could not decide on the type of error. 
Samples follow: 
3 t? • 42 
. 2 12 
1~- 109 
-8 - '"8 
July 12 
In itemizing a bill a mistake inaddition occurred. It 
was Error 1, referred to many times before in this paper. 
Two attempts in keeping a cash account produced one cor-
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rect answer. 
In a subtraction test of thirty-four examples thirty-two 
atter:1pts were correct. Two errors were in the subtraction 
combinations. A new error appeared. The student forgot that 
she had borrowed. 
The student was given work in areas of rectangles, para-
llelograms, and triangles. The methods of finding these were 
reviewed before she began. Six of twelve were correctly work-
ed. The wrong process was chosen twice. The other errors 
involved the carrying of the wrong nunmer, omission of the 
decimal point, forgetting to add the carried number, and mis-
placed of second :r:a rtial product when the multiplier contained 
a zero. These were considered examples in multiplication on 
the chart. 
July 13 
Fourteen of fourteen multiplication examples were correct. 
In an exercise involving the multiplication of money six of 
nine attempts were correct. The errors concerned the placing 
of the partial product and the carrying of the wrong number in 
multiplying. 
July 14 
One of seven examples in the multiplication of decimals 
was correct. 
Three combination errors, the omission of decimal points, 
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and the incorrect placing of a partial. product produced this 
loW rate of accuracy. 
This was the hottest weather of the summer of 1932. The 
weather may have lowered the student's power. 
July 15 
Eleven of eleven problems were accurately solved. 
One of five examples in multiplication was correct. 
July 18 
Margaret came to school without her glasses. She seemed 
very tired and said she had been staying up late working on her 
arithmetic. She had not been sleeping well. The teacher told 
her that she was taking the work too seriously; that she should 
play at recess with the other children. She was urged to gp 
swimming, riding, and so forth, and to stop worryi~. 
Seven of thirteen problems in mensuration were worked 
correctly. One omission and one error in copying were due to 
the forgotten glasses. Two problems were incomplete and in one 
the wrong process had been selected. No errors that could be 
termed computational occurred in the assignment. 
Four of four examples in the multiplication of decimals 
received a grade of 100. 
Two of four examples in the division of decimals were 
correct. One error was in a multiplication combination. The 
other occurred in the selection of the wrong quotient digit. 
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July 19 
In a test in mixed fundamentals in whole numbers six of 
six attempts were correctly finished. 
Four of four problems were accuzstely solved. 
In the division of whole numbers and fractions by frac-
tions and whole numbers twenty-two of thirty were correct. 
Four errors occurred in a confusing of multiplication 
with division. One error was in a multiplication combination. 
Three could not be classified. A manipulation of figures had 
taken place. 
July 20 
In a test of reading numbers the student nade a grade of 
100. 
In the addition of whole numbers forty-two of forty-two 
attempts were correct. 
Thirty-seven of thirty-eight attempts in writing numbers 
were perfect. 
Four of five examples in long division of decimals were 
correct. The error was in the multiplication @Ombinations. 
Nine of ten problems were solved accurately. Half credit 
was given to each of two different examples because they were 
incomplete. 
Three of three long divisions were correctly computed, but 
102 
in two the decimal point was omitted of misplaced. 
In division of fractions five of five attempts were cor-
rect. 
In addition of lon~r columns twenty-four of twenty-fa~ 
attempts were correct. 
July 22 
In sUbtraction of decimals two of two attempts were 
correct. 
In addition of fractions four of four attempts were 
correct. 
Two of two efforts in multiplication of decL~als were 
accurately finished. 
Two problems were completed perfectly. 
Two of two attempts in division of decimals were correct. 
In multiplicationof a money amount by a mixed number the 
computing was correct, but the product of fraction and multi-
plicand was put in the wrong place. 
July 25 
Margaret's power to handle several processes during the 
period seemed to be growing. 
Two of two attempts in multiplication examples in decimals 
were correct. 
One of two examples in division of fractions was accurate-
ly completed. 
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Two of two attempts in multiplication of fractions merited 
100 per cent. 
One of two efforts in division of decimals was right. The 
error was due to omission of the decimal point. 
Two attempts of two examples in addition of mixed numbers 
earned a 100 per cent accuracy gr.ade. 
Two of two examples in the subtraction of mixed numbers 
were right. 
Two o~ three problems were correctly solved. The error 
was in computation. It was error one which has been recorded 
several times before. 
Two of three examples in addition were correct. Error 
one was the offender again. 
July 26 
Four of five problems were correctly finiShed. The fifth 
was computed accurately but the wrong process was selected. 
Forty-one of forty-two examples in simple subtraction were 
100 per cent. The teacher believes that the error was due to 
visual weakness. This is the example: 
18 
-4 
04 
July 27 
Four of five problems were correct. The student wrote 
thirty-five instead of ~ for the an~1er. She overlooked tbe2 
r t . 
One of two examples in multiplication of decimals was 
right. A mistake was made in the carrying of a number. 
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In two long-division examples with decimals one was cor-
rect. The error occurred in the placing of the decimal point. 
Margaret's tutor worked with her half an hour every morning. 
Either with her tutor or in d~ school Margaret had acquired a 
system of locating the point in division. The marker did not 
like to upset this habit as it had been fairly well established 
although not particularly effective. 
In division, multiplication and subtraction of mixed num-
bers two of two attempts were successful. In addition of mixed 
numbers the fractions were handled perfectly and the whole 
numbers were forgotten. 
Three of four problems were solved. The error was in the 
multiplication combinations. 
July 28 
Two of two problems in multiplication of decirr~ls were 
wrong. Both were wrong because of mistakes in carrying. 
Two of two examples in division of mixed numbers by mixed 
numbers two were attempted. One was correct and the other was 
incomplete. 
Eight of ten problems were worked correctly. In one in-
correct problem the numbers were so carelessly written that 
they could not be handled. In the second problem the wrong 
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process was selected. 
In a test of addition of whole numbers twent,y-nine of 
twenty-nine attempts were right. 
In a test of subtraction of whole numbers twenty-nine of 
thirty attempts were right. The error was in the subtraction 
combinations. 
In a test of multiplication of whole numbers twenty-seven 
of twenty-nine were right. The same error in multiplication 
combinations occurred twice. 
In a test of multiplication of whole numbers twenty-four 
of twenty-five were right. A new error appeared in this test. 
A zero in the dividend was ignored. 
July 29 
In the final test eight of ten attempts in addition were 
correct. A new error caused trouble. The student carried un-
necessarily. The other incorrect one was in the adding of 
denominate numbers. No help had been given by the teacher on 
this type of work during the term. 
In subtraction five of nine attempts were correct. Three 
errors were due to confusion of processes; one was due to a 
mistake in the subtraction combinations. It is worthy of note 
that these same error types appeared in the preliminary e~am­
ination. 
Four of eight attempts in multiplication were accurately 
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worked. The same combination that was missed in tre prelimim 
examination was missed in the final: 9 x 0. The omission of 
the decimal point caused another example failure. One example. 
involved the multiplying of denominate numbers. No work of t 
type had been given during the summer. The failure in this 
was easily understood. 
In division seven of eight attempts were correct. The 
incorrect one involved the placing of decimal points. In this 
the stu.den t was unsuccessful. 
In general problems four of six attempts were correct. 
One error was as follows: 
14 
14 
06 
56 
6'I"b 
The other was caused by lack of understanding of the word 
average. 
A record of Margaret's standing in the initial and final 
tests in arithmetic and reading follows. The blank spaces 
indicate that her scores could not be interpreted in terms o~ 
educational age or grade e~uivalent. 
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Arithmetic Test Scores, Educational Age, and Grade 
Equivalents of Margaret in Initial and Final Tests 
- Compass Survey Test Educational Age Grade Eq ui v. 
Initial -, Final Initial Final Initial Final process 
Addition 3 8 12-0 
Subtraction 5 5 10-0 10-0 H 5 
:Multiplication 5 5 11-6 11-6 H 5 
Division 4 7 10-6 13-0 H 5 
:Percentage 1 0 
Problems 1 5 12-6 
Total 20 29 10 11-6 5.8 
Reading Test Scores, Reading Age, ar.d Grade 
Equivalents of Margaret in Initial and Final Tests 
New Stanford Reading Test Reading Age School 
Initial Final Initial Final lni tial 
Paragraph Meaning 44 73 9-6 11-9 3.7 
Word Meaning 48 72 9-10 11-8 4.0 
Total (average) 
Reading 46 72.5 9-8 11-8.5 3.9 
H 8 
H 5 
H 5 
H 8 
L 7 
6.8 
Grade 
Final 
5.9 
5.8 
5.85 
The student's parents were informed about the progress 
made during the summer period. They were told that future 
progress depended upon Margaret's lengthened span of attention, 
~ -~---------------------------------------------------10-8~ 
her inclination to check her work, the elimina~on of her ex-
oessi ve self-analysis, and her ability to accept critic ism more 
imp ersonal..ly. 
From this case study the writer feels justified in making 
the following conclusions: 
1. Unusual achievement may be accomplished through perse-
verance and persistence in spite of an I. Q.. that :is only nor-
mal. 
2. Motivation which the teacher devised was as effective 
as the student's inner drive. 
3. Excessive drill on a :process or a combination later 
may result in interference which causes errors. The confusion 
of processes mentioned many times in the account of the stu-
dent1s accomplishment seems to exemplify this. 
4. The short attention span was evidenced in the accuracy 
of the first and middle portion of an exercise and a trailing 
to inaccuracies at the end. Anotl1er sample of short attmtion 
span appeared in column addition. The errors usually occurred 
in the second or third colttmns of the example. 
5. In her high rate of accuracy in exercises in mixed 
fundamentals the student 1 s attention span showed development 
toward the end of the term. 
6; A visual defect caused many of the errors found in 
arithmetic work. 
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Margaret belongs to that class of children whose tenacity, 
perseverance, and endeavor raise the qualit.y and quantity of 
achievement to a higher level than the I. ~. would lead the 
teacher to expect. A comparatively modest er.dow.ment is sup-
plemented by consistent plodding and a pronounced anxiety to 
succeed. These last mentioned helping factors are often uti-
lized to the point of impairing health and peace of mind. The 
discovery of this type is one of the easiest tas~ of the 
teacher. The first day an experienced teacher can select this 
worried type of pupil. He or she is very eager to have little 
talks with the teacher and to obtain extra privileges in the 
form of more attention and longer explanations. 
The memory and the attention span is often limited and the 
student seeks to remedy these limitations by asking for more 
detailed explanations as mentioned above. The desire to atterd 
and remember is evidenced in the demands for extra home assign-
menta. In many cases, as with Margaret of this report, these 
repeated explanations and the completion of extra assignment 
plus a sincere effort to fulfill daily assignments produces 
results equal to and occasionally in excess of those obtained 
by studen~s with higher I. Q.'s. 
This type of pupil is often extremely sensitive to adverse 
criticism and to praise. The teacher is confronted with the 
many-sided task of changing the child's worried attitude to one 
of contentment, of teaching the child to meet defeat squarely, 
r 
' 
110 
of encouraging her to use past unpleasant experiences as 
to preventing similar occurrences. The idea that no one expec 
more than oners best effort and this best effort modified by 
vital factors such as rest, health, recreation, and social con-
tacts must be impressed upon the student. Care must be taken 
that the child realizes the happy middle ground of honest but 
not supreme effort. 
Extra curricular activities should be encouraged. Inter-
est in others should be developed. Visits to the parks, public 
places of interest, and schoolmates homes should be suggested. 
In short, let the pupil know that real education fits the in-
dividual to successful personal relations with his companions. 
The ease of discovering this type of student is succeeded by 
ease in realizing when improvement begins. 
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Case Study of Leo Nicholson 
Leo had finished third grade when he entered swmmer schooL 
HiS apparently good health rendered a physical examination 
nnnecessary. His age was eight years and nine months. He had 
an I. Q,. of 111. He was very slight in bnild and had an abun-
dance of energy which he spend in fidgeting ani consulting his 
neighbors. He had an appearance of alertness which was incon-
sistent with the superficial quality of his work. Leo was a 
willing boy; willing to the point of weakness; willing to work 
intensely or willing to play his time away. He needed steady 
guidance. 
Preliminary tests revealed the facts tn.t he was slightly 
below grade in paragraph and word meaning, and fi"om six months 
to a year retarded in the fundamental processes. His attention 
span was very short; he dwadled and did not work to capacity. 
To gain time in "fignring ou.t" a combination he would repeat 
the teacher's question three of four times. The multiplication 
combinations were not automatic. 
Leo•s mother wanted him to have remedial work in both 
reading and arithmetic, bu.t the principal felt that one subject 
was all that Leo could manage during the short warm summer 
period and that this subject should be arithmetic. It was 
planned that Leo should have much problem work to increase his 
reading comprehension. To conquer his habit of repeating the 
r w 
~ question, much oral drill was offered and he was requested to 
saY nothing bnt the answer. !he examples, very short and sim-
ple at first, were increased in length and quantity in an ende 
~or to increase Leo's attention span. Early in the term he was 
presented with a work book and after his oraL drill and the 
completion of a set of daily assignments he was urged to work 
to capacity in this book. The beginning work in the book was 
slightly below Leo's grade and ability level, but he had the 
gratification of prodncing a large quantity of work with close 
to 100 per cent accuracy. It was also helpful in permitting an 
ease in computation while improvement in writing, paper organ-
ization, and industry was developed. 
!his brief, general sketch will be followed by a detailed 
day by day study of Leo's errors, their types, their frequency, 
the quantity and accuracy of his accomplishment in computation. 
Error !ypes and Examples of Each Type 
1. Confusion of processes. 
8 
-5 
1'! 
2. Mistake in addition combinations. 
8 9 
7 6 
14 14 
3. Mistake in combining •seen• to •thou~t of• number. 
21 
784 
549 
230 
892 
2455' 
4. Forgot that he had borrowed. 
50 
-35 
!15" 
5. Borrowed unnecessarily. 
990 
-628 
~ 
6. Reversed minnend and snbtrahen~. 
53 35 
27 29 
'!4 4i 
7. Unintentional omission 
82 86 
26 19 
n 'I! 
204 X 3 
a. Error in m\11 tip1ication combinations.. 
9 X 4, 4 X 9, 
9. Intentional omission. 
9 X 8, 8 X 9 
204 X 6, 174 X 6, 37 x 8, S's in 72. 
10. Ignorance of division combinations. 
14 t 7, 16 ; 3 
11. Ignorance of carrying process in division. 
414i-9 = 40-4 
627!-8 : 70-4 
12. Error in zero combinations. 
Ox7, Ox5 
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r 114 13. Ignoring number in dividend when it was smaller than 
divisor. 
648!.6 - 1-1 
. -
14. Carried wrong number in multiplying; carried the digit 
in the unit's place instead of the digit in the tens' 
place. 
2 
63 
4 
2"&'2" 
15. Illegibility, { 8 looks like 9). 
68 
19 
"""'5tr 
16. Incomplete because of lack of time. 
1368-2 : 0 
73 
x24 
292 
--6 
• • 
17. Mistake in carrying in addition. 
68 7 6 
18 38 47 
"n' '50 "" 
18. Multiplied by carried number rather than by digit in 
multiplicand. 
4132 
48265 
5 
245325 
19. Mistake in obtaining remainder after selection of 
proper qnotient digit. 
658!.5 • 131-2 
• 
20. Used qnotient digit as divisor. 
732!.6 - 126 
. -
21. Forgot to add carried number in mnltiplication. 
56 
467 
9 
4243' 
22. Carried nnnecessarily. 
17 
12 
'39 
23. Forgot to move partial product to the lett. 
36 
948 
39 
75&r 
2844 
10248 
44 
278 
65 
1390 
1668 3o5s 
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In the accompanying chart the reader will see the fre-
qnency and order of these errors. Eighteen of these appeared 
fewer than seven times; five appeared only once, and five more 
appeared only twice. It is readily seen that Leo's greatest 
difficnlties arose from lack of antomatism in the mnltipliea-
tion combinations, (error 8}, in the related division combi-
nations, (error 10), and in the intentional omissions, (error 
9}, which restll ted from this lack. A chart of error 8 is also 
included. This shows the opportunities for and commissions of 
error a. 
I 1.1.5 \ TABLE VII 
Errors Made by Lao; by Days 1 by Frequency 
Errors 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Prelimin&ry 3 1 1 2 7 54 :n. 2 1 2 0 0 
21 2 2 
28 1 1 
29 1 1 
30 1 1 2 
1 2 2 
5 1 4 
6 4 6 1 
7 4 2 1 1 
8 2 2 
11 3 
12 
13 2 1 
14 5 1 2 
15 1 
18 2 1 1 
19 1 2 1 
20 1 1 1 1 
21 1 3 2 2 
22 3 1 
25 2 1 2 
26 2 3 1 1 
27 1 2 
Final 1 l 10 
*' 
,!IJ'!I~rm:::"~'''O'J 
ll'J \ 
TABLE VIII 
Error 8: Mistakes in Multiplicf,tion Com.bina+,ions 
Opportunities of' Leo for Error 8 by Days; b~' Quadrants; 'NUlt,ber of 
Errors Made, and Per~ent&.fie of' Aceurac~ 
Ouadrants I II III IV 
Prel imin.ary 13 0 0 9 2 22.2 5 0 0 8 5 62.5 
13 0 0 20 0 0 16 0 0 21 
27 8 0 0 1 0 0 7 0 0 15 2 1~.3 
28 1 0 0 9 0 14 1 7.2 
29 14 0 0 21 1 4.7 
30 7 0 0 15 1 6.6 
1 
5 1 0 0 11 0 0 8 0 0 17 4 23.5 
6 6 0 0 16 0 0 6 5 83.3 8 1 12-5 
7 7 0 0 6 0 0 1 4 3 21.4 26 1 3.8 
8 3 0 0 10 0 0 6 1 16.6 20 1 6 
11 
12 
13 
14 2 0 0 2 1 50 2 0 0 1 0 0 
18 8 0 0 5 2 40 2 0 
19 1 1 100 l 0 0 
20 11 0 0 17 0 0 
21 8 1 12.5 12 2 16.6 
22 8 l 12.5 12 2 16.6 
25 2 0 0 4 0 0 8 0 0 8 0 0 
26 2 0 0 3 0 0 8 0 0 8 2 25 
27 3 0 0 10 0 0 4 0 0 3 0 0 
28 29 0 0 14 0 0 29 0 0 27 0 0 
.. 
Pre 1 in'.ina ry Test 
- 4 X 8 
4 X 9 
9 X 6 
7 X 9 
9 X 8 
6 X 9 
9 X 9 
Third Week 
3 X 6 
TABLE IX 
Error 8 Recorded in Quadrants for the Term 
First Week 
9 'X 8 
6 X 8 
8 X 6 
6 X 9 
6 X 9 
Fourth Week 
9 X 4 
9 X 4 
8 X 2 
7 X 2 
8 X 2 
~---+- ------4 X 9 
9 X 6, 9 X 7 
7 X 6; 7 X 7 
8 X 9, 8 X 6 
Second Weak 
•r------------------r-------------. 
3 X 8, 
3 X 7, 
3 X 7, 
9 X 8, S X 9 
8 x 8, 6 -x 9 
4 ll 9, 4 X 8 
4 X 9 
8x8 
4 X 9 
4 X 8 
4 X 9 
6 X 9 
Fi.f'th Week 
Clear 
Final Test t-----~-- ---~-~~ 
Clear 
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It m~ seem surprising that the mistakes were not of grea1; 
er frequency, but the length of time given to oral drill ac-
counts for this. !his experiment takes no account of tlB oral. 
errors except to say that they were many, especially in the 
early part of the term. Leo had an averson to examples and 
combinations which involved 6, 7, 8, and 9. This may have 
arisen from failure in previous performances. The naarness of 
the products of 7 x 8 and 6 x 9; 7 x 9 and 8 x 8 may have in-
creased his mental confusion. It is worthy of note tbl t a.b out 
100 of 165 errors involved these figures. 
There was a very close connection between errors 8 and 9. 
Error 8 covered errors in the multiplication combinations, 
while error 9 included all intentional omissions in the mul.ti-
plication or division combinations. The combinations 6 x 9, 
4 x 9 and 9 x 8 were missed most frequently. 6x9 and 9x6 were 
omitted intentionally most frequently. The division combina-
tions related to difficult mu~iplication combinations and were 
oftem omitted. It is worthy of note that when tha troublesome 
mnltiplication combinations were mastered difficul~ with the 
reversals and with the related division combinations disappear-
ed entirely. lt would seem fair to assume that a transfer of 
learning had taken place. 
During the third week Leo was given examples and combina-
tions in division. The teacher felt that this change of attac~ 
r -------------------------------------------~ 
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•onld provide variety and that a transfer of power from one 
process to another might occur. The plan was apparently suc-
cessful as the fourth week showed an ~preciable gain in accu-
racy. In the last week there was an outstanding gain in output 
and accuracy. Within a range of 237 possible errors Leo com-
mitted two. 
In the Compass Diagnostic Test in Division the following 
results were obtained: 
Part 1. His Division vocabulary rated a grading of hign 
fourth. 
Part 2. Division fundamentals were too low to score. 
Failure in the multiplication combinations pro-
duced failure in the division combinations. These 
failures were in the fourth quadrant of multipli-
cation combinations. 
Part 3. In short division with carrying Leo made a high 
fourth grading. However, the carrying habit was 
not fully established. There was an intentional 
omission of problems with divisors of 7, 8, and 9. 
Part 4. This consisted of the addition, subtraction, and 
multiplication necessary to work the division 
which followed. Leo's grade was too low to score4 
There were some err~rs in zero combinations. 
Again consistent ommission of multiplication com-
r ~------------------------------------~ 
l 
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binations in which 6, 7, 8, or 9 were members. 
Parts 5, 
6, and 7. These parts consisted of long division. No 
attempt was made on these. This was anticipated 
as Leo had not had any fourth grade work. 
During the five weeks only three mist~es were made in the 
addition combinations. These occurred during the third and 
fourth weeks. They were with the following combinations: 8+5, 
8+6, 8+7. 
There were no errors in sUbtraction combinations during 
the entire term. They are as follows: 
l8f2 
12f2 
81+9 
13t2 
llf2 
14+7 
180+9 
8t2 
The chart on page nine shows the multiplication errors in 
quadrants of difficulty. 
Daily descriptions of work accomplished follow. Comments 
on Lao's accuracy, growth in skills and industry, are included. 
Jnne 27 
Work was almost entirely oral. Leo dwadled; minded others 
business, delayed answer by several repetitions of teacher•s 
questions. 
June 28 
Tables of 61 s. Simple ad~_tion with no carrying, such as 
10+4, 10+5, 1042. 
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Jane 29 
Tables of 7's. Multiplication, (multiplier 6), involved 
carrying. 
Short division, (divisors 5, 4, 8, 2, 3), involved carry-
ing. 
There was a decided increase in the quantity of work on 
this day. Leo was encouraged to check errors. 
Jc.ne 30 
Ora1 drill on 7 x 7, 7 x 8, 7 x 9. 
Stndy of table of 7's. 
Leo had a well developed habit of writing the carri ed 
number. The teacher let him do this as it seemed to help him. 
At that time there were many more important concerns to call to 
his attention. 
Jnly l 
On the last day of the week Leo's .m ed for an even great-
er amonnt of oral work was evident. To check his habit of re-
peating the teacher's question several times he was made to say 
nothing bnt the answer. The boy's greatest weakness seemed to 
lie in an ignorance of the multiplication combinations. A new 
error also appeared; that of ignoring a number in the divident 
if it did not contain the divisor. 
To promote concentration the teacher planned to give Leo 
one (at least} problem dally, increasing as his work la bits 
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tmproved. During this week the nwnber of mistakes was surpris-
ingly small but this m~ have been because so mnch of the work 
was or~ and so much checking was secured. This week's sueces-
ful accomplishment is as follows: 
8 addition examples 
11 subtraction examples 
60 multiplication combination& 
13 multiplication examples 
11 division examples 
In this work seven errors were noted; five multiplication 
combinations, and two division combinations. 
Jnly5 
Eighteen examples involving carrying. 
~en multiplication examples using .as multipliers the 
digits 2-9. 
Eighteen subtraction examples involving carrying. 
Twelve addition examples, no carrying. 
Two reasoning problems. 
Multiplication work preceded by study of following combi-
nations: 
8 X 8 6 X 8 9 X 7 
7 X 9 7 X 8 
Leo's habit of reversing minuend and subtrahend was suc-
cessfully avoided five times. His quantity of work greatly im-
proved as his power of application grew. 
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July 6 
Leois mother asked to have his time divided between read-
ing and arithmetic. It was not possible to do this. so his 
problem work was increased in the hope that his power in para-
graph comprehension and word selection would develop further. 
These problems were supervised and considered successful if the 
process selection was correct. Any computation errors occur-
ring in them were not considered in this paper as the numbers 
involved were extremely simple and as Leo's rate of accuracy 
was relatively high. 
A considerable portion of this period was devoted to mul-
tiplication combination study. oral recitation and drill. 
Eleven subtraction examples involving borrowing. 
Eight multiplication examples with a four-digit multi-
plicand, and a one-digit multiplier l2-9). 
July 7 
Twelve subtraction examples 
Nine multiplication examples 
Two problems 
Study and recitation of 4 x 9, 4 x 8, 6 x 9. 
July 8 
The careless writing and lack of organization in Leo's 
papers became a new concern. Leo was urged to write larger ani 
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to plan his pa;per. Evidences of effort in these matters appa 
ed immediately, althongh the resnlts lett mnch to hope tor. 
Thirty-two examples in subtraction of the type shown below 
were worked correctly. 
55 22 59 
-!§, -!§.. -~ 
61 
-54 
-
Ten mnltiplication examples with mnltiplicands of four 
digits, and mnltipliers of one digit (2-9} were completed with-
o11t an error. 
Jnl¥ 11 
After a week's vacation from division Leo was oonfronted 
with it the third week. ~e divisor in each case was 2, bllt 
Leo was very nnsuccessfnl. Ten of fifteen were incorrect. 
To improve the size and lagibilit.y of his writing a por-
tion of the period was devoted to copying nwmbers. To length-
en his time for compntatlon he was given a third-grade work 
book and encouraged to proceed at his best pace. The beginning 
material in this book was comparatively simple and most of 
Leo's effort collld be placed on the reading for comprehension. 
Five fnll papers were completed, and with one exception a high 
rate of accuracy was obtained between those attempted and 
those correct. 
Attempted 
26 
44 
Correct 
25 
4Z 
r 
Attempted 
44 
41 
32 
Correct 
43 
38 
23 
126 
The low rate of ace uracy on the Ja st paper of the above 
list was due to an error in reading comprehension. After 
reading the direction aloud he snccessfully completed the nine 
which were wrong at first. 
Samples of the type of work are: 
Write the number that is 3 less than 21. 
Write the number that is 2 more than 21. 
W~ite the number of 5's in 10. 
Additions such as 7 3 9 5 
! 1 2 ~ 
Leo showed gratification in producing a quantity of well-
done material. It was the first morning that he apparently 
worked to capacity. 
Ju.J.y 12 
On this day Leo uade 100 per cent on fourteen short 
divisions with four as a divisor. In his endeavor for accura-
cy he forgot all about form and the figures were almost illeg-
ible. 
He completed three work sheets with a high degree of 
accuracy. 
~ ---------------------------------------------------12-7~ 
Attempted 
41 
34 
33 
The additions were very simple, two 
adding with zero. 
Samples of the work: 
7 2 
0 5 5 
0 1 6 5 6 
'§" v 
Correct 
41 
34 
31 
and three digit sums; 
Oral drill on the harder addition and mu1tiplication 
combinLtions was carried on daily. 
Ju.l.y 13 
Leo had a perfect score paper which inclnded thirt.1 short 
divisions with divisors ranging from 2 to 9; twenty-four short 
division applications; eight division combinations. The desire 
to check work showed growth. The appearance of the papers 
showed improvement. The three work sheets were highly accurat~ 
46-44 
54-54 
46-41 
July 14 
Three work sheets with perfect scores were completed. 
r 
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fhis work involved simple sUbtractions, time telling number 
selections. In the problem solving eleven were correct in 
thirteen attempted. There were two in~entional omissions due 
to lack of reading ability. One error in computation appeared: 
16 
x3 
2~ 
Ju.ly 15 
A perfect score on the problem work was obtained. Seven 
correct in seven attempted. Four of five short divisions were 
correct. One was incomplete because of lack of time. In six-
teen division combinations with a divisor of seven there was 
one error: 
Ju.ly 18 
Leo worked correctly eight of ten problems; one was 
omitted; the error was that of selection of the wrong process. 
Seven divisions of eight were correct. One, (2471~6), was 
• 
intentionally omitted because of fear of the division combina-
tions. 
.Tu.J.y 19 
In eight problems three were incorrect. Two errors occur~ 
ed in the selection of the wrong process, and one in an additi 
combination: 
r 
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Five short divisions of seven were correct. 
Seven of seven multiplication examples, (wi~h multipliers 
6, 7, 8, and 9), were correct. 
Leo showed growing ability to handle the mul'toiplica. tion 
combinations of the fourth quadrant. 
July 20 
Five of seven problems were correct. Two errors were in 
computations; forgot to carry; confusion of processes. 
July 21 
For several days papers had shown a development in ti~ 
arrangement and legibility of writing. This day they were very 
untidy. His rate of accuracy was considerably lower than it 
had been. 
Problems attempted 
9 
Problems correct 
5 
All reasoning errors in the above except one in division. 
Problems attempted Problems correct 
5 4 
The multipliers in the above were 6, 7, 8, and 9. 
Problems attempted Problems correct 
10 7 
The above were division problems. 
Leo pl~ed ball too long and too hard before school and 
during recess. It was a very warm day. This m~ have occa-
sioned his decrease in accuracy. 
Ju.l.y 22 
Ont of ten problems attempted five were correct. Two 
problems were not attempted, two reasoning errors, ani one 
computation error. 
In division nine of nine attempted were correct. The 
divisors ranged from 2-9. 
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In multiplication four of five were correct. The incor-
rect one is listed: 
269 
x8 
2~ 
.ln1y 25 
Leo was given examples in each of the fundamental. pro-
ceases. 
The additions were three-column examples. Both were 
correct. 
The two subtractions were fonr-column examples. Both were 
right. 
In six division examples four were right. Errors occurred 
in division combinations. 
In multiplication examples with two digit multipliers Leo 
got both wrong. He forgot to move the second p1. rtial prodnct 
to the left. This was a new step for him. It was unfortunate 
that this had to be left until the last week of the term. One 
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problem correct in all five. All bnt one were reasoning errors 
Ju.ly 26 
Leo was one-half an honr tardy. Litt~e written work was 
accomplished. He was given a stndy period on tronblssome com-
binations, individual recitation time, and oral recitation time 
with two other students. 
Ju.ly 27 
With dividends of five digits and divisors of 2 to 9, Leo 
worked correct~y eight of eight. The work involved carrying. 
One problem correct in three. One error in these was in com-
putation. It involved the moving of partial product to the 
left. This habit was not established. 
In two and three column additions two correct of two 
attempted. 
In fonr digit subtractions two correct of two attempted. 
In two examples with two digit multipliers both were in-
correct. 
Attempted 
Addition 2 
Subtraction 2 
Multiplication 2 
Very simple add.27 
Very simple su. 26 
Ju.ly 28 
Correct 
2 
2 
2 
27 
21 
r 
Very simp~e mnlt. 
Very simp~e div. 
Attempted 
26 
~7 
Correct 
25 
~6 
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Leo advanced one month in paragraph meaning b~t s~ipped 
back three months in word se~ection. This was a slight dis-
appointment, as it had been hoped that the power in problem-
reading wo~ld transfer more emphatically. 
The growth in the fundamentals was highly gratifying. In 
three of the processes a one and one-half year gain was regis-
tered. In division a one year gain was made. The teacher !ee~ 
that Leo wil~ make more than satisfactory progress i! his drill 
work is properly organized and s~pervised, his study habits are 
g~ided, and m~ch reading is offered to him. 
From the observation of Leo at work and a detailed study 
of his papers the writer presents the following conol~sions: 
1. An I. ~. of 111 unaccompanied by sustained power of 
attention produced work which was low or mediocre in quality. 
2. Incorrect answers to multiplication combinations were 
alw-ya the correct answers to some other combinations. This 
might indicate that interference to the learning of certain 
combinations is deve~oped through the overlearning of others. 
3. The mastery of certain m~tiplication combinations was 
accompanied by the mastery of the reversals of those combina-
tions. 
4. Daily work in problem reading developed power which 
13Z 
carried over into paragraph comprehension material of the final 
test. 
5. !he student's inferior! ty COOlplex concerning mul tipli-
cation combinations involving 7, a, and 9 carried over into the 
division combinations involving the same digits. 
6. The multiplication combinations were not equal in 
difficulty. 
Arithmetic Test Scores, Educational Age, and Grade 
:: 
E%~i valent of Leo in Initial Bfd Final Tests 
Compass Survey Educational Age Grade Equivalent 
Processes Initial Final. Initial Final Initial Final 
Addition 26 2'1 8-6 9-0 H 3 L4 
Subtraction 14 20 8-6 9-6 L 3 H4 
Mul tiplica t1Dn 15 28 8-6 10-6 L 3 H4 
Division 3 12 s-o 9-6 L 3 L4 
Total 58 85 8-6 9-6 3.7 4.6 
Reading Test Scores, Reading Age, and Grade Equivalent 
of Leo in Initial and Final Tests 
New Stanford Reading Test Reading Age School Grade 
Paragraph Meaning 
Word Meaning 
Total (average) 
Reading 
Initial Final Initial F~ InitialFinal 
20 23 7-5 7-10 2.6 2.7 
31 23 8-6 7-10 z.o 
25 8-0 7-10 2.8 2.'1 
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Leo is a type ~hat is met often in classroom teaching. 
He possessed good mental and physical powers, and his retard-
ation at the beginning of the term was due to ineffective study 
habits. It is the opinion of the writer that overcrowded 
cl&ssrooms, with the resulting lack of individual attention, 
had produced this condition in Leo. 
A study of Leo's test scores shows that he was not woe-
fully retarded in any phase of arithmetic. Much stress on 
some of the multiplication combinations had so indelibly im-
pres.sed their answers on his mind that he would give their 
products for those of other combinations. Flash responses had 
not been demanded of him and his repetition of the teacher's 
questions was done merely to gain time as he thought out the 
answers. 
The teacher should be careful in her presentation of 
drill materials.. Leo's difficul ~J with certain combinations 
and his facility with others m~ have resulted from some teach-
er's lack of recognition of the varying difficulty of the num-
ber combination and from lack of proper emphasis in their rep-
resentation. 
Keeping of a daily score of his work would help a student 
of this type to try to surpass previous records. Lengthening 
his addition columns would also increase his attention span. 
Permitting him to work with classes or grades of two levels 
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would enable him to progress and also ~rush np~ on poorly 
learned material. It would keep him occnpied all the time and 
prevent his having nnsnpervised time in which to dwadle or 
idle. 
Leo's type can be easily improved if the teacher keeps htm 
busy with the proper drill materials. When his specific weak-
nesses are corrected and his study habits built up he shonld 
find himself in the upper third of his class. 
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Case Stu.dy o:r M. K. 
Mary had finished second grade when she entered summer 
school. She was eight years old, and had an I. ~. of 111. Her 
excellent physical condition rendered a physical examination 
unnecessary. Mar,y had a very. short attention span. Her memory 
span was decidedly limited. She would begin to work and in a 
few minutes the teacher would find her dreaming. She would sit 
for several minutes looking into space. After she became ac-
quainted with the other students she •uld waste time whisparifl! 
and giggling with them. 
llary' s summer school attendan.ce was irregul.&r. Her atten-
dance du.ring the previoll.S school year had also been irregular. 
The loss of content during her absences and her inability to 
understand the activities of her classmates may have encouraged 
Mary to sit doing little or nothing. She was a healthy little 
girl, an only child, who had everything she desired. She was 
sweet-tempered and apparently unspoiled. 
The summer term, according to a comparison of the initial 
and final tests in arithmetic, gave her a two-month grade gain. 
This was evidenced by an increase in the tot~ number of exam-
ples attempted and correctly finished. !here was no gain which 
could be graded in addition and she remained at the high-second 
level in subtraction. 
r 
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A seven-month grade gain was made in reading. According 
to the test used this advance was interpreted as a one and one-
half year gain in reading age. !his was due to a natural lik-
ing and ability for reading plus power gained in the work 
reading of arithmetic problems. In the reading Mary's short 
attention and memory span gave little trouble. The book was 
before her and the question could be answered immediately. In 
the forgetting of her addition and sUbtraction combinations the 
attention and memory weaknesses were obvious. 
In the Compass Survey Test the student was ungradable in 
addition. Errors were made in the addition combinations, 
three-digit addition, and in the carrying concerned with higher 
decade addition. A score of eight toward a possible thirty was 
attained. Eight of twenty-three were correct. Ma~ absurd 
answers were inserted to fill np space. The addition combina-
tions errors occurred in the fourth quadrant of difficulty. 
In the subtraction work a score of eight toward a possible 
twenty-five was made. The errors occurred in the subtraction 
combinations, confusion of processes, and absurdities. Nine of 
twenty-one attempts were correct. In some problems there was a 
combination of errors. The confusion of processes and absurd-
ities were caused by lack of automatism with subtraction and 
combinations and inability to borrow in subtracting. The 
latter limitation was not surprising as many children have no 
r 
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training in this until the third grade. 
The other parts of the test were graded zero, and as they 
were beyond Mary's grade experience they are not dise~ssed here. 
In the Compass Diagnostic fest in the addition of whole 
numbers llary was ungradable in the basi'c additions facts, high-
er decade addition, column addition, carrying in column addi-
tion, and checking answers in addition. !he retardation in the 
learning of the basic addition facts was a matter of concern. 
The other limitations were not so vital as many schools place 
comparatively little emphasis on more than the addition and 
s~btraction combinations during the first two years. 
Toward a possible score of 70 the st~dent made a score o! 
39. Sixteen combinations were omitted and fifteen were in-
correctly answered. The difficult.y 1~ in all quadrants, but 
the greatest number of inaoc~racies belonged in the fourth 
q~drant. 
In higher decade addition lack of skill with the addition 
combinations was displayed; no knowledge of carrying was appa-
rent; absurdities, committed because of the child's desire to 
write something, were noted. 
June 27 
Mary was iiven e•:ven examples in very simple addition 
involving no carrying. 
the work follow: 25 43 
m 
She made a grade of 100. Samples of 
46 23 
51 44 
9f ~ 
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She was given problems involving money writing. !he 
results were highly accurate. Problem work was given consist-
ently during the term. One of the reasons for the assignmen~ 
of problem work was to encourage a possible transfer of power 
in problem reading to other work type reading. 
June 28 
Mary was given ten examples in colwmn addition. They 
involved no carrying. !hree of ten attempts were co~rect. 
Mar.y counted to get answers. Heed for drill in combinations, 
even those under ten, was imperative. 
!en simple problems were answered correctly. Mary ~sed 
very good j~dgment in answer selection after the reading of the 
problem. 
June 29 
Mary was given part of the period to practice the making 
of dollar signs. The period was two hours long with a twenty-
minute recess after the first hour. Mary's work had to be 
varied several times during the morning as she became fatigued 
and bored q~okly. The teacher felt that the work of the 
preceding day had been too difficult. Mary was given eight 
combinations to answer. !hese were handled accurately. Countr 
ing may have occurred, as the teacher was working with another 
student while Mary was o ccu.pied. 
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TWo-column additions similar to those of the preceding day 
were then given. One was worked correctly. 
Mary was given an opportnnity to study a few combinations 
with the answer before her. She then recited these, Before 
giving a detailed daily report of the pupil's work a list of 
the error types observed in an analysis of her papers is pre-
sented. 
1. Mistake in addition combinations 
7 6 ll 
2. Error in "seen" to •thought of• number. 
8 7 
3 9 
6 5 
15" 2 
2!' 
3. Carried unnecessarily 
5 
13 
E' 
4. Xo knowledge of the carrying process. 
8 9 
13 29 
liT 2I'S" 
16 
6 
112' 
11 
9 
im 
5. Absurdities thLt could not be classified. 
11 18 
-5 6 
-s- on 
4 7 
16 13 
011 IT 
6. Errors in subtraction combinations. 
13 37 
9 24 
ro 'IT 
7. Contusion of processes. 
107 
98 
1"§10 
8. Reversal of minuend and subtrahem. 
400 
181 
!mT 
9. Ignorance of borrowing process in subtracting. 
623 
225 
40'3" 
The addition combinations which gave difficulty in the 
diagnostic tests are arranged in quadrants: 
3+4 
2+4 
2+5 
4-+5 
3+7 
6+4 
7+4 
9+4 
7+3 
7+6 
9-+5 
5+8 
7-t-5 
, 7-+5 
8t6 
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She was allowed to hear a fellow student recite. These 
two worked together a good part of the term. He helped Mar.y 
with the combinations. She read the problem for him msy timES. 
June 30 
In an exercise in money writing three of five were correct. 
Jla.ry was given help in "centF, and 8 dime" writing. 
In twelve addition examples of two-columns involving no 
carrying two were correct. The errors occurred in adding "seen r 
to the "thought of" number. This error type was vitally relat 
to the mistakes in addition combinations. 
Ten addition examples with carrying but involving the 
TABLE X 142 
Oopor-tunities of Ma.r:.r for Errors of 8 T;:pe-s b:_,· Days; Nutnb411r of Errors lfl.ad~; 
e.nd Percenta.r-:e of Errc,rs 
- -
-
--
~-
---
Errc1r 1 2 3 4 ____ .§.._ 6 7 8 9 
--
Prelimil"!ary 6 15 40 6 17 35.2 1 1 100 4 4 100 3 
- -
3 39 7.6 1 
- -
4 
- -
1 71~ 
Dia,rnos+.ic 15 54 21.7 
6 64 9.3 5 12 41.6 
28 8 70 ll.l 
29 1 7 14.2 
30 4 20 20 8 84 3.5 
1 5 56 8.9 
5 4 18 22.2 
8 '5 42 11.8 1 11 9.0 I 
6,H,12,13 1 14 No writ.ten rrnra 
15 1 10 10 5 40 1? .f. 
18 4 40 10 2 4 50 
19 2 20 10 I 
13 40 32-5 
7, 20 Absent 
21 1 20 5 2 40 5 3 23 13 3 52 5.7 
2~ 8 20 40 
l 4 25 
3 4'0 7.5 I 
25 )0 40 25 3 40 7.6 
l~ 40 4.5 1 40 2..5 
8 40 20 
1 40 2.5 I 4 40 10 
26 3 20 15 I I 
5 12 4J.6 2 12 16.6 
3 18 16.6 
I 3 42 7.1 3 142 1.4 2.7 I 2 40 5 3 12 25 
I 2 8 25 5 20 25 
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TABLE XI 
Number of Problems Attuntptad by Ma.:ry j Number ;.u~ht 
and Percent.age of Aceun,cy 
- --
~--- ~ .. ·-
--- --·------·- -- ---
.. -
.. -- ------~- --·-- --
--·--
-. 
--··-- ·- -- -·-- ·- ---
-~~;~~i~~ Ad~i!.;lon Addition Subtraction Prr)nlems C 1'ina 'on --~-::rry ing;..... With Ca!:rving Combinations --~--~- ------
Pn 1 ilni nary 10 7 70 8 1 12.5 7 7 100 
Dia g:nil$t; i(C 54 39 92.2 9 1 11 .• l 
?.7 11 11 100 
28 10 3 30 
29 8 8 100 2 1 50 
30 10 6 60 12 2 16.6 5 3 60 
1 8 3 37.5 8 3 37.!1 3 3 100 
5 12 1? 100 :::· ._, 1 20 ?fi 25 }00 
;:; 6 6 100 
7 
8 21 15 71 5 4 80 
H 240 237 98.7 
12 120 120 100 
13 160 160 100 6 2 40 
14 H ll 100 40 39 97.5 4 4 100 
80 7[.1, 97.5 
1fi 40 3d 90 40 35 87.5 10 R 80 
1R 40 35 R7.5 
40 38 95 
40 37 92.5 
1~0 100 100' 
19 10 8 80 8 6 75 4- 4 100 
20 
21 2C ,_g 95 4 4 100 
23 20 86.9 
40 38 95 
40 33 82.ry 
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TABLE X! r.~onti"'UI'Hl) 
~- '" - ·- --··-·-- - ' 
------ -
---
--
-- -·- ··-- - ~--- '" 
Addi~ion AdciiJ.;lon Additi•:m Subtr>.~.ction Pro'l:-lti\mc;J 
Combinations No Carr~Jinr; Witr, Cflrrying CombinH.tinne 
-~-T 
--
July 22 20 12 60 40 36 90 4 3 75 
40 37 92.!5 40 35 87.5 
25 16 16 100 16 16 100 11 11 100 
40 40 75 40 37 92.5 
40 22 55 40 32 80 
40 35 82.5 
26 20 17 85 14 10 71.4 40 38 95 8 8 100 
18 15 83 .;s 2 2 100 
27 80 54 67.5 8 7 87.5 
40 38 95 
Final 12 10 83.3 8 1 12 .. 5 2 0 0 8 5 62.5 
~ 
. 
-
I 
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handling of only two digits per column showed a higher rate of 
accuracy than the t,ype Just described. Six of ten attempts 
were correct. The carrying process was perfectly handled even 
in those that had incorrect answers. The inaccuracies occurred 
in the addition combinations. The combinations were those of 
the fourth quadrant. 
July 1 
Mary was given an exercise in recognizing namber groups. 
A little ability in work reading was necessary for the success-
ful completion of this work. Three of three attempts were 
handled perfectly. 
The week•s drill on addition combinations under ten 
showed its value, though slightly, on this day. Three o:tr 
eight examples in column addition were correct. Although the 
grade was not much higher, an additional improvement was noted. 
In most instances the error occurred in but one column. Here-
tofore both columns were added incorrectly in many cases. 
Jul.y 5 
Twelve of twelve addition examples involving no carrying 
merited 100. The examples had two digits in a column. The 
demand on computational power was merely the knowledge of the 
combinations under ten. 
One of five addition examples was correct. The difficulty 
lay in the adding of a "seen" to a "thou~t of" namber. The 
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carrying process was fairly well handled. 
Twenty-five of twenty-five subtraction combinations with 
minuends under ten were perfectly answered. 
July 6 
Six of six two-column addition examples with no carr.ring 
and with three digits in each column were completed without 
error. 
Ju.l.y 7 
Mary was absent on this day. 
July 8 
Fifteen of twenty-one addi tiona involving carrying and 
with two digits to a column were correct. Five errors were 
due to inaccuracies in the combinations. One mistake occurred 
in the confusion of processes. 
Four o~ five longer column additions involving carrying 
were correct. The error occurred in adding a "seen" to a 
"thought of • number. 
July 11 
Two hundred thirPy of two hundred forty additon combina-
tions, ten and under, were correct. These combinations were 
taken from Washburne's "Individual Book One." The two hundred 
forty combinations worked on this day covered the first six 
steps of difficulty as arranged by Washburne. J 
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J"u.ly l2 
One hundred twenty of one hundred twenty addition combi-
nations covering Washburne's ne:rt three steps of difficult,y 
were 100. 
Ju.ly 13 
In each of four practice tests which included the combi-
nations studied on the preceding days a 100 per cent grade was 
made. 
In a set o.f five problems involving addition and subtrac-
tion two were correct. The teacher felt that the assignment 
had been too difficult. 
July 14 
Four of four problems involving addition facts under ten 
were 100. 
Ten of eleven addition combinations were correct. Nine of 
these had sums over ten. 
Thirty-nine of forty addition combinations in Washburne's 
Step Ten were correct. 
Thirty-nine of forty addition combinations in Washburnefs 
Step Eleven were correct. 
Thirty-nine of forty subtraction combinations of Step one 
difficulty were perfect. The one error occurred in the confu-
sion of processes. 
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July 15 
Eight of ten problems involving the addition combinations 
with sums of ten and under were correct. One error occurred 
thro~gh ignorance of 7+3. The other occurred in the selection 
of the process. 
Thirty-six of forty combinations in Step Twelve of diff-
cultf were correct. 
Daily oral drill was given to Mary in the combinations. 
Thirty-five or forty sUbtraction combinations of Step Two 
were correct. Four errors involved the same combination. The 
other error occurred in 7+3. Mary previo~s had had trouble 
with 7~3. 
Thirty-five of forty addition combinations of Step thir-
teen were correct. The errors occurred in the fourth quadrant 
of difficul~. 
Thirty-eight of forty addition combinations of St~: Four-
teen were correct. 
In two tests 100 of 100 addition combinations were correct. 
July 19 
Eighteen of twenty addition combinations with sums over 
ten were correct. 
Mary had a chart of combinations arranged according to 
difficulty. These were studied each morning, recited, restu-
died, and written. 
Six of eight addition examples involving carrying were 
wrong. The two errors occurred in the carr,ying process. 
!rwenty-seven of forty addition combinations of Ste,p; 16 
were correct. 
Four of four problems were cor.rect. 
July 21 
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Nineteen of twenty addition combinations were correct. 
The teacher gave Mary m~ch oral help and drill. One of 
the older students listened to her addition and s~btraction 
combinations after the teacher worked with her. 
Twenty-three exercises using different forms of addition 
were given to Mary. Twenty were correct. 
Four of four problems were worked correctly. 
Forty-nine of fifty-two addition combinations in a test 
were correct. 
Thirty-eight of forty addition combinations in a test 
were correct. 
Thirty-three ot forty addition combinations in a test 
were correct. 
J~ly 22 
Twelve of twenty addition combinations were correct. The 
errors occurred in the fourth quadrant of difficult,y. 
Thirty-six of ~rty subtraction combinations were correct. 
These combinations were in Washburne's Step Three of difficult,y. 
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Three errors concerned the same combination: 7f4. 
Four of three problems were worked correctly. The error 
occurred in the addition combinations. 
Thirty-seven of forty addition combinations were correct. 
Thirty-five of forty sub,traction combinations in Step 
Three were correct. 
July 25 
Eleven of eleven problems in addition combinations were 
100. The "and What" form of addition was presented to the 
student as a preparation for subtraction. 
Sixteen of sixteen "and what" addition combinations were 
correct. 
Thirty of forty "and whatrr addition combinations were 
correct. 
TWenty-two of forty "and what" addition combinations were 
correct. 
Sixteen of sixteen subtraction combinations were 100. 
Thirty-seven of forty subtraction combinations in Step. 
Four were correct. 
Thirty-nine of forty sUbtraction c~binations in Step 
Five were correct. 
Thirty-two of forty subtraction combinations in Step Six 
were correct. 
Thirty of forty subtraction combinations in Step Seven 
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were correct. 
Four errors were due to confusion of process with additio~ 
Ju.ly 26 
Nineteen of twenty examples in addition were correctly 
finished. 
Five of twelve bills involving addition ware added cor-
rectly. 
There were five combination errors and two errors in 
adding a "seen" to a "thought of" nwnber. 
Fifteen of eighteen single column additions were correctly 
computed. 
Teh of fourteen examples involving carrying were correctly 
solved. 
Two of two colwnn additions without carrying were correct. 
Thirty-nine of forty-two addition combinations were cor-
rectly solved. 
Thirty-eight of forty subtraction facts of Step eignt in 
diffioult,y were correct. 
Eight of eight problems in subtraction facts were cor-
reo tly solved. 
July 27 
Seven of eight problems in subtraotionfacts were correctly 
worked. The error occurred in an addition combination of a 
problem which had three parts. 
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fwenty-seven of forty subtraction facts of StEll Ten were 
accurately answered. 
Mary was given study periods every day. During the first 
part she studied combinations with answers before her. Then 
she covered the answers and tried to remember them. If she 
could not she looked. The teacher and one of the students 
listened to her several times each morning. 
Twenty-seven of forty subtraction combinations of Step 
Eleven were answered accuratelY• Although thirteen examples 
were missed these represented eight combinations, as some 
combinations were repeated several times. 
Jnly 28 
Thirty-eight of forty subtraction combinations of Step 
Twelve were correctly answered. 
In an addition and subtraction review ten of twenty 
examples were correct. Confusion of processes occurred four 
times. There were two subtraction combinations, and tWl addl-
tion combination errors. 
August 1 
In the final test the following results were obtained: 
In addition fourteen was made toward a posmble score of 
thirty. This was six more than had been reached in Form A of 
the same test at the beginning of the term. Five of the errors 
were combination errors and six were "seen" to "thought of" 
' 
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number inaccuracies. This soo,re did not permit a grade inter-
pretation so the student ended the term still ungm dab le in 
addition. 
In addition a score of nine was mLde toward a possible 
twenty-five. This was an in1provement of one over the first 
test. It did not raise the grade interpretation of her first 
mark. Four errors occurred in the combinations. Five errors 
were absurdities that coUld not be classified. Five errors 
occurred in the reversal of minuend and subtrahend through the 
ch1]l 1 s ignorance of the borrowing process. 
Arithmetic Test Scores, Educational Age, and Grade 
Eg.uivalent of Marz in Initial and Final. Tests 
Compass Snrvey Edueatiom.l Age Grade Eqtlivalent 
Processes Initial. Final Initial. Final Initial Final 
Addition 8 14 
- - - -
Snbtraction 8 9 7-6 
-
H 2 H 2 
:M:nltiplication 0 0 
- - - -
Division 0 0 7-0 7-0 
- -
Total 16 23 
- -
2.4 2.6 
Reading Test Scores, Reading Age, and School Grade 
of Macy in Initial and Final Tests 
New Stanford ReadilU!i .. Te~t Re~dinP: .~ge .. §cE-9~1~ 
Initial F1n.a....1.. Ini "I>ia1 '"'Fliie.:.t tnrr.iA't Jd.na...1 
Paragraph Meaning 19 
Word Meaning 21 
Total (averee:iReadilJg 20 
34 
43 
38.5 
7-6 
7-5 
8-9 
9-5 
9-1 
- 3.1 
2.6 3.6 
2.6 3.3 
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After observing Mary at work and jndging from an analysis 
ot her papers these conolllSions seem jnsti!ied: 
1. An I. Q. of 111 nnaocompanied by snstained interest 
resnlts in meager achievement. 
2. Inadeqnate initial learning of addition and subtraction 
combinations was partly responsible for Mary's failnre. 
3. A transfer in reading power from problems reading to 
work reading of another type was evide.r.t. 
4. Mary had relied oncou.nting for some time. This had 
been successf~ for sums under teh. She was lost when the sums 
were over ten. 
5. Counting "back" in subtraction was a procedure Mary 
indulged in. Her apparent snccess in subtraction may have been 
attained because of the decreasing size of the remainder. 
6. A lack of "arithmetic Readiness" may have hindered her 
progress. 
As Mary was just eight years old and had finished second 
grade the writer feels it was unwise to start (during the 
swmmer) work of the remedial type. The parents would have been 
wiser if the child had been permitted a vacation of pure re-
creation. So many schools are not stressing arithmetic until 
the third grade that a little longer time might have been 
given to Mary to "find" herself. 
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Case Study of P. M. 
Paul had finidl.ed second grade when he came to summer 
school. He was ~ust eight years old. He had an I. Q. of ~5. 
He seemed to be a strong, sturdy little boy, and for this rea-
son the physical examination was omitted. During the term he 
contracted a poison oak infection which held him back in appli-
cation for a few days. He was registered in the arithmetic 
gro~p, bnt the teacher felt that his needs in reading were more 
urgent than in arithmetic. Paul was lost in problem work be-
cause of his lack in reading ability. When the problems were 
read to him he showed good judgment in the selection of the 
process and accuracy in the computation involved. He had litt~ 
power in word discrimination. 
His growth in arithmetical power during the summer term 
was highly gratifying. At the close of the term Paul's parents 
were informed that he could still profit by drill in the addi-
tion combinations, especially those that had snms over ten. It 
was also suggested that he begin working for speed. 
In the Compass Survey fest in Arithmetic Paul mLde a total 
score of twenty-nine which was interpreted as p~cing him in 
grade 2.8. In addition the score placed him in high second 
grade. Eighteen of twenty-three attempts in addition were cor-
rect. There were two intentional omissions. Three errors 
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occurred because of ignorance of the carrying process. There 
were no errors in combinations. 
A ~de of high second was scored in subtraction. Bine of 
seventeen attempts were correct. Two errors were made in the 
subtraction combinations. Five errors occurred in the reversal 
on minu.end and sUbtrahend. The ignorance of the borrowing 
process in subtraction was responsible for this procedure. 
!here was one intentional omission. 
The diagnostic test in addition of whole numbers was then 
administered. The total score on this test oou~ not be inter-
preted in terms of grade placement. Six addition combinations 
were intentionally omitted. All attempts were accurately ans-
wered. 
In higher decade addition twenty-nine of forty-seven 
attempts were correct. There were six intentional omissions. 
All other errors but one were due to ignorance of the carrying 
process. One error occurred in the combinations. 
In column addition with no carrying three of three attemp~ 
were correct. In column add.i tion with carrying there were ten 
attempts bu.t none was correct. Ignorance of the carrying 
process redu.ced this score. 
The diagnostic test in subtraction was also administered. 
No part of this score cou.ld be interpreted in terms of grade. 
There were sixteen intentional omissions in the basic subtrac-
tion facts. Twenty-two of twenty-four attempts were correctly 
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answered. The errors occnrred in nzeron combinations. 
In harder subtraction two of twenty-three attempts were 
correct. Most of the answers were incomplete or absurdities 
which could not be classified. No successes were recorded in 
checking answers or finding errors in subtraction as suggested 
by parts 3 and 4 of the test • 
.A daily survey of Paul's papers revealed eight types of 
errors. A description and sample of each follows: 
1. Intentional omissions: 
8 
7 
19 
-
2. Ignorance of carrying process: 
3 6 7 
29 38 45 
21'2' '3!'4 4T2 
3. Error in subtraction combinations: 
11 13 
4 9 
n- n-
4. Reversal of minuend and subtrahend because of ignorance 
of the borrowing process. 
5. Error in addition combinations: 
6 
2 
6. Error in adding a nseen" to a "thought of" number: 
63 
11 
29 
95 
---------------------------------------------------~ 
I T;l.BLE XII 157 
Num~1o:tr of Prlblems Att..,r.tpted by Paul; Number Right; 
end Percen~age of Accun-.cy 
-
Add H ton Adrli+;.iol'l Addition Suht r.s.at, i ''" Subtraction Prohl11ms 
Combinations No Carrying Wit:h Carrvin~ Cmobinations No Borrowing 
--Prelim-
inary 11 11 100 1 1 100 3 0 0 7 5 71.4 5 4 80 
Dia.~noe 
tic 2~'5 17 17.9 ll 11 100 20 0 0 41 23 53.6 
27 34. 34 100 1 0 0 
28 9 8 88.8 9 5 55.5 
29 13 13 100 
~0 12 10 83.3 4 4 100 
1 5 3 60 
5 12 12 100 5 0 0 30 25 83.3 
6 14 14 100 6 5 83.3 16 14 87.5 
7 18 16 88.8 18 17 94.4 
8 26 26 100 7 6 85.7 
11 40 40 100 16 16 100 
40 36 90 
40 39 97.5 
40 40 100 I 
40 39 97~5 I I 
40 39 97.5 
12 40 40 100 40 38 95 
40 40 100 40 32 80 
I 40 40 100 40 38 95 40 40 100 
13 40 40 100 4 4 100 
40 40 100 
40 40 100 
40 40 100 
15 40 38 95 5 4 80 
40 34 85 
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TABLE XII (continued) 
_ ... -
-- --
~-·- -- --
Addition Additiol" Add l. +;ion Suhtra.c+:ion Subtraction Problems 
Comb bat ions No Carrying With Ce. n·'-~~-~~ Combinations 
---
No Borrr,:.rwing 
18 40 38 95 8 8 100 
24. 24 100 
40 40 100 
40 37 92.5 4 ,:4 100 
19 40 39 97.!) 
40 40 100 
10 8 80 
10 10 100 I 
20 33 33 100 
I 
27 21 77.7 20 20 100 
16 15 93.7 3 2 66.6 
100 100 100 
21 39 39 100 
' 
18 18 100 
33 33 100 
22 40 38 95 40 39 97.5 9 8 88.8 
40 35 87.5 
25 40 37 92.5 
40 40 100 
I 40 36 90 
26 15 15 93.7 12 12 100 40 29 72.5 4 1 25 
127 
4 4 100 
' 7 1 100 7 7 100 12 12 100 
10 10 100 25 24 96 
10 10 100 13 0 0 
14 14 100 16 14 87.5 4 4 100 
Fina.l 10 10 100 8 6 75 10 10 100 
I 5 5 100 
I 
--
I 
TABLE XIII 159 
Oppori:.uni+. ies of Pa.,ll for 'Err·urs of 8 Types b~· Days; 
Numbar ot'Err•)rs .Mad A; and Percenta.ra of Error 
-
·- --
. 
- -
Brror 1 2 3 4 5 6 7 8 
---~--· Pre 1 irnine. ry 2 3 3 100 2 7 2R.5 5 5 100 
Dia~nostic 6 
6 12 1:? 100 1 94 1.0 
16 2 24 R.3 
27 
28 1 1 100 l 10 10 
29 2 12 16.6 
30 
1 2 5 40 
5 5 5 100 5 30 15.6 
6 2 16 12 .. 5 1 2?. 4.5 
7 1 6 16.6 1 63 1.5 1 18 5.5 
8 
lt l 200 .5 lll 240 2.5 
12 2 40 5 
8 40 20 
2 40 f' 
13 
14 
15 2 40 fi 
6 40 15 
I 18 2 40 5 19 1 40 2 .. 5 
2 10 20 
20 
21 
22 1 40 2 .!) 
5 40 12.5 
I 
25 3 40 7.~ 
4 40 10 
26 1 4 ?,fi 
27 13 0 100 
-. 
7. Confusion of processes. 
8. Carrying the wrong number: 
29 
11 
52 
-
A description of each day's work is now presented. 
June 27 
Thirty-four of thirty-four addition combinations under 
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10 were correctly answered. fhe speed of response needed stim-
a.lation. 
June 28 
In the ten addition examples of four two-digit numbers 
each eight were eorrect. The first error occurred in the 
carrying process. !he second was due to a failure in the addi-
tion combinations. 
Five of nine problems were correctly solved. The errors 
were due to a wrong selection of process. !his selection was 
the result 0:f Paul's weakness in reading. When the problem was 
read to him he gave the correct answer immediately. 
June 29 
The carrying process was explained to Paul. He was then 
given a study period on the combinations above ten. This was 
followed by assignment of thirteen additions of two two-digit 
numbers. These examples involved carrying. Thirteen of Thir-
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teen were accurately worked. 
Paul wrote a short assignment which included long and 
short ways of writing money. Ris work was neatly written, well 
arranged, and highly accu.rate. It was a pleasure to mark his 
papers. These characteristics were well developed on his 
entrance to summer school. 
June 30 
Ten of twelve addi tiona of two two-digit numbers each had 
correct sums. Both mistakes were errors in the combinations. 
The carrying process caused no trouble. 
Four of fonr problems were graded 100. 
Ten of eleven efforts in the writing of money were correct. 
July l 
Most of this period was given to study of the combinations 
above ten, oral recitations to the teacher, and to a studer&. 
Three of five problems were right. Two errors were due to 
failure in carrying. Paul needed very simple problems. The 
reading difficulty in problems was greater than the mathemati-
cal difficulty. 
JuJ.y 5 
Twelve of twelve additions of two two-digit numbers which 
involved no carrying were accurately computed. 
Two of two problems were correctly solved. 
162 
Five additions involving carrying were wrong. All notion 
ot the carrying habit had vinished over the three day week 
end. The exercise had no errors in combinations. 
Thirty subtraction combinations were then given. All 
attempted were accurately answered. Five were intentiona+ly 
omitted. These are listed thro~out this st~dy as errors. 
Ju.ly 6 
Fourteen addition examples of four two-digit numbers ea~ 
were graded 100. These examples involved no carrying. 
Five of six addition examples with carrying were correct. 
The error occurred in adding a ~seen" to a "thought of" number. 
An assignment of sixteen subtraction combinations was 
then given. Fourteen responses were perfect. 
July 7 
On this day Pa~l worked eighteen subtraction examples. 
Minuend ani subtrahend of each exam.ple ended in zero. Seven-
teen were computed correctly. The error occurred in the con-
fusion of processes. 
The one problem assigned was correctly worked. 
Eighteen addition examples involving borrowing were in the 
last assignment of the day. One error occurred in the adding 
of a "seen" to a "t~ought ofR number. The second error was 
that of carrying the wrong number. 
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July 8 
Twenty additions of two two-digit numbers were perfectly 
completed. Carrying was used. 
Six longer additions involving carrying were graded 100. 
Six of seven subtraction examples were correct. The error 
made occurred in the confusion of the processes. Both minuend 
and subtrahend ended in zero. 
Ju.ly 11 
At the beginning of the third week Palll began work in 
Washburne's Individual Arithmetic: Book One. The addition and 
subtraction facts are each divided into sixteen steps of diff-
culty in this book. 
Forty of forty addition facts of ~tep One were p3 rfectly 
answered. 
!hirty-six of forty addition facts of Step !wo were cor-
rectly answered. !he same error occurred forty-four times. 
The answer to one plus one was given as zero. A confusion of 
processes was responsible for this error. 
Thirty-nine of forty additions of Step Three were correct. 
The error which occurred in Step Two appeared in Step Three. 
In the forty addition facts of Step Four a grade of 100 
was na.de. 
In the forty addition facts of Step Five one error appea~ 
ed. Again it was one plus one equals zero. 
Sixteen subtraotion faots received perfect responses. 
Thirty-nine of forty addition facts of Step Six were 
correct. The one error was a combination error. 
Ju.ly l2 
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Paul was able to handle uany more combinations when he 
used the workbook. All that he wrote was the answer to each 
combination. The one hundred sixty combinations of steps 
seven, eight, nine, and ten in addition facts received correct 
responses. 
Work in the subtraction facts was attempted in steps one, 
two, and three. ln Step one, two sUbtraction errors were 
noted. Thirty-eignt of forty responses were correct. 
In Step two there were eight inaccuracies. These eight 
errors included four combinations as two of the combinations 
were missed three times each. 
Ju.ly 13 
Four of four problems from the Individual Arithmetic were 
correct. 
Four tests of forty combinations each in facts under ten 
were perfect. 
Jtlly 14 
Paul was absent on this day. He had contracted poison 
oak. For a few days it was hard to hold his attention as the 
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itching of his fingers annoyed him so. 
July 15 
Four of five problems were solved correctly. !he incorred 
one had an absurd answer. 
Thirty-eight of forty addition combinations of Step ten 
were correct. The same error occurred twice. 
Thirty-four of forty addition combinations of Step ll 
received correct responses. Paul repeated the same incorrect 
answers for certain combinations. The problem seemed to be 
the removal of some previous incorrect impression. 
July 18 
!hirty-eight of forty addition facts received correct 
responses. 
In an exercise involving addition facts in all forms the 
student nade a grade of 100. 
In two practice tests of addition facts under and over 
ten the grades were respectively 100 and 93. Three combination 
errors were found. 
Eight of eight problems involving addition facts were 
correct. 
Julr 19 
Thirty-nine of forty addition facts of St~, thirteen were 
answered correctly. 
Four of four problems in addition facts were solved 
accurately. 
Forty addition facts of a test in the Individual Book 
were graded 100. 
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Oral work was being carried on consistently in the sub-
traction facts of the Steps in the Individual Book of Wash-
burne's. Special emphasis was placed on those combinations 
missed in the different exercises. 
Eight of ten addition combinations which had given trouble 
on previous days were correctly answered in a test. 
Ten of ten combinations which had previously presented 
diffieultw received correct responses. 
July 20 
Thirty-three of thirty-three addition combi~tions were 
answered correctly. 
Twenty of twenty problems in addition facts were solved 
perfectly. 
Twenty-one of twenty-seven subtraction facts received 
perfect responses. Four were intentionally omitted. 
Two of three problems were solved correctly. Incorrect 
one was due to an error in addition combinations. 
Fifteen of sixteen "and what" combinations were correct. 
One hundred addition facts of Washburne'd Addition Table 
were graded 100. 
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Thirty-one of forty "and what" combinations were answered 
correctly. The process was not understood. 
Ju.ly 21 
The combinations which had given trou.ble were grou.ped, 
stu.died, recited, and tested. Thirty-nine of thirty~nine ans-
wers were right. Some combinations were repeated in the test. 
Eighteen of eighteen problema were solved correctly. 
Thirty-three of thirty-three addition facts were answered 
correctly. 
The •and what• problem was explained to the student. 
Thirty-eight of forty combinations were correct. 
Ju.ly 22 
Eight of nine problems were correctly solved. The error 
in the incorrect problem cou.ld not be classified. 
Thirty-nine of forty subtraction facts of Step Four were 
answered correctly. 
Thirty-five of forty subtraction facts of Step Five were 
correct. In the five errors three combinations were repre-
sented. 
Ju.ly 2!) 
Thirty-seven of forty su.btraction facts of Step Six were 
accurately answered. 
Forty of forty sUbtraction facts of Step seven were 
graded 100 per cent. 
168 
Thirty-six of forty subtraction facts of Step Eisnt were 
perfectly answered. 
Fo~ of four problems involving the sUbtraction facts were 
solved perfectly. 
Oral drill on the sUbtraction combinations and the 
addition combinations which had given trouble was pursued con-
sistently. 
July 26 
One of four problems involving subtraction facts was 
correct. Two errors occurred in the confusion of processes. 
One error was due to a failure in the sUbtraction combinations. 
Twenty-nine of forty sUbtraction combinations of Step Ten were 
correctly answered. Six of these errors were intention.l omis-
sions. 
Fifteen of sixteen examples in single column additions 
were accurately computed. 
Twelve of twelve additions of two two-digit numbers were 
correct. Carrying occurred in these examples. 
Four of four additions of three two-digit numbers received 
accurate responses. 
July 27 
Twelve of twelve addition examples involving carrying were 
correctly added. 
Seven examples in single addition were graded 100. 
Seven of the addition combinations which had caused 
trouble received correct responses. 
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TWenty-five examples of graded difficulty in addition 
contained but one error. This occurred in an addition combi-
nation. 
In a diagnostic Chart for Fundamental Processes in 
Arithmetic by Buswell and John the student attempted thirty-two 
examples. Nineteen of these attempts were correct. !wo were 
incomplete. Eleven errors were due to the forgetting of the 
carrying process. Not once was it used. The appearance of 
the chart may have made the child •examination conscious.• 
Several of the examples involved two borrowings. Even in the 
simple examples no use was m&de of the skill he had developed 
during the term. 
Four of four problems concerning the subtraction facts 
were accurately solved. 
Twenty-eight of forty subtraction facts of Step Ten recei-
ved accurate responses. !his step included combinations in 
which the subtrahend was zero. Ten of the errors were in the 
•zero combiAation" type. 
July 28 
On this day the Diagnostic Chart of the day before was 
shown to the student. He was given an informal talk concernin§ 
the carrying process. A new copy of the same chart was then 
1'10 
given to him. This time thirty-two of thirty-six attempts were 
correctly computed. Only twice did the atudent forget to car~ 
!he other two examples involved several carryings beyond the 
student's power. One of these examples was the addition of two 
seven-digit numbers. The boy correctly added a thirteen-digit 
column. This was a splendid example of sustained attention. 
Fourteen of fourteen attempts in subtraction were correct. 
The teacher regretted that she had not been able to present 
"borrowing" to the child. Three attempts in multiplication 
were correct. Ho training had been given in multiplicatlon. 
The results were apparently a transfer of power ~rom addition. 
An exercise in all "forms" of addition and subtraction was 
given. !wenty-one of twenty-four answers were right.. Confa-
sion of the processes caused two errors. A subtraction fact 
error caused the third inaccaracy. 
In Form B of the same test that was used at the beginning 
of the term the following results were obtained: 
In addition a score of 27 toward a possible 30 was 
obtained. 
In subtraction a score of 11 toward a possible 25 was 
obtained. 
In multiplication a score of 8 toward a possible 35 w~s 
obtained. 
In division a score of 1 toward a possible 25 was obtaine~ 
In addition all but one was attempted. The two errors 
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occurred through ignorance of the borrowing process. 
!he ability to score anything in the multiplication and 
division was a pleasant surprise and gratification to the 
teacher. A gain of one year was shown in addition. The sUb-
traction grade reamined stationary. No gradation was possible 
at the beginning of the term in multiplication. The gradation 
of high second was a distinct achievement. 
In the diagnostic tests in addition and subtraction at the 
beginning of the term the student was n.ngradable. A comparison 
of this record with the final records showed distinct progress 
on the part of the stu.dent. The teacher was le;ft with the 
question of whether the borrowing process should hkve been in-
troduced. One reason against it was the fact that only ten of 
the sixteen steps of difficult,y in subtraction had been pre-
sented. 
Arithmetic Test Scores, Educational Age, and Grade 
Equivalent of Paul in Initial and Final Tests 
Compass Survey Educational Age Grade Equivalent 
Processes Initial Final Initial Final Initial Final 
Addition 20 27 7-0 9-0 H2 H 3 
Subtraction 9 11 7-6 s-o H 2 H 2 
Multiplication 0 8 8-0 H2 
Division 0 1 7-0 7-6 
-
Total 29 47 7-0 s-o 2.8 3.3 
Reading Test Scores, Reading Age, and School 
Grade of Paul in Initial and Final Tests 
New Stanford Reading Age School Grade 
Reading Test 
Initial F1nal I;aitialEJnal Initial Final 
Paragraph meaning 16 
Word meaning 
Total (average) 
Reading 
16 
16 
19 
19 
19 
-
-
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From the observation of Paul at work and from a study of 
his papers the writer presents the following conclusions: 
1. A growth in the attention span showed itself in the 
ability to add increasingly longer columns. 
2. Reading difficulties produced failure in problem work. 
3. There was a transfer of power from the addition combi-
nations to the mu~iplication combinations. The latter had not 
been taught but were successfully attempted in the final exam-
ination. 
4. A written error made a definite impression on Paul. 
Many attempts were needed to eradicate an erroneous notion from 
his mind. 
5. Many of his troubles would never have occurred if his 
previous teacher had normal classroom membership. 
The de1ying of remedial work in arithmetic would have been 
a wiser procedure. A summer of natural growth might have done 
as much for the student. Help in reading was also essential 
but the student did not have time for two subjects. 
CHAPTER IV 
CONCLUSION) 
CHAPTER IV 
1. Conclusions Concerning Types of Children in Need 
of Remedial Work 
a. George represented the group that will never rise above 
mediocre achievement even under the most favorable con-
ditions. His 1. Q. was one point below that considered 
normal. Under unfavorable conditions the achivement of 
this type of pupil falls far below normal. 
b. Shirley belonged to that class of gifted children whose 
achievement, because of interfering factors, falls far 
below the standard expected from the 1. Q. She was 
timid, suppressed, and a day dreamer. Previous failures 
or perhaps a mental conflict not apparent to the teach-
er showed in a mere endurance of all class work. No 
enthusiasm for praise nor depression from adverse cri-
ticism was ever evidenced by the pupil. 
c. Margaret was a child of normal intelligence. She was 
extremely sensitive, easily depressed, overly motivated 
and morbidly anxious about her progress. Her achieve-
ment, in view of her mental endowment, was auite re-
markable. What she paid for this profress from the 
standpoint of health, nervous stability, and peace of 
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mind is unmeasured, but the teacher feels the price was 
excessive. 
d. Leo belongs to the group who possess good minds and 
good bodies. He had developed a set of ineffective 
study habits the results of which disastrotBly i.nf ln-
enced all phases of his achievement. 
e. Paul and Mary were the victims of overly solicitous 
parents. Truly enough, they were below grade in the 
sUbject studied, but the writer feels that time with 
its accompanying natural gr.oowth could have produced a 
development almost equal, at least, to that attained 
in the remdial class. There is reason for believing 
that such a course may be unwise in that it makes the 
child feel that the subject is difficult and that he 
is decidedly inferior to his classmates in the subject. 
2. Conclusions Concerning the Effects of Mental States 
on Achievement 
a. With children of meager mental endowment the best that 
can be expected is achievement of mediocre qualit,y. 
b. With the gifted child who is battling some inner con-
flict the achievement is likely to 0e very disappoint-
ing in quality and in quantity. Very little improvemerl 
and occasionally regression in a subject or a phase of 
a subject is likely to occur. With children of high 
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I. Q's a mental conflict is more apt to be present than 
those with ~ow I. Q's. 
c. An inferiority complex established in a child of high 
I. Q. can defeat regu~ar attendance, earnest teaching, 
and a sincere effort to change the attitude. 
d. The highly interested child of ordimry mental endow-
ment often produces results that, in the light of edu-
cational age and grade equivalents, are exceedingly 
gratifying. 
e. Good mental and physical endowment, unaccompanied by 
helpful study habits and attitudes, prodllces results 
that are mediocre and often below normal. 
f. The reaction of aversion to criticism, especially with 
a sensitive child, is often evidenced in tha presenta-
tion of alibis and excllses and a desire to hide from 
defeat. 
3. Conc~usions Concerning MaJor Arithmetic Weaknesses 
of the Cases of This Stlldy 
The errors listed below were genera~y committed by the 
members of this grollp. The first three types listed adversely 
inflllenced the achievement of all and were considered by the 
teacher to be the most grave of those discovered. Unless these 
three error types could be removed little collld be expected in 
the way of arithmetic accomp~ishment of even primary grade lewl 
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!he other seven are listed in graded order as the teacher felt 
they lowered the quality of achievement most frequently. 
1. Errors due to lack of automatism in some combinations 
of all processes. 
2. Errors due to lack of automatism in certain comb,inatioiE 
the inherent difficulty of which educational research acknowl-
edges. 
3. Bo desire, and in some cases, positive averson to the 
checking of work. 
4. Errors in higher decade addition. 
6. Errors in adding a •seen" to a "thought of'R number. 
6. Omissions and commissions in the carrying process. 
7. Omissions and commissions in the borrowing process. 
a. Errors resulting from the confusion of processes. 
9. Errors involving the manipulation of zeros. 
10. Errors due to incorrect copying. 
4. Data on the Improvement of the Subjects of These Stu~ 
George stood still as far as grade equivalent in arith-
metic was concerned. He regressed one year in addition and was 
u.ngradable in division at the end of the term although he had 
made a grade score of H-3 at the beginning. He stood still in 
multiplication. He made a score in subtraction which was in-
terpreted as a grade ,uivalent of H-4. This was his only sign 
of progress in arithmetic as he had been ungradable in the be-
ginning. In reading, his paragraph meaning made a one-month 
grade gain bu.t in word meaning he made no progress. 
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Shirley made slightly higher arithmetic scores at the end 
that at the beginning of the term in all processes except divi-
sion. She was still u.ngradable, according to the norms of the 
test u.sed, in every process except multiplication in Which she 
attained proficiency which placed her at low-fifth level. Her 
total arithmetic score gave her a grade equivalent of 4.2 at 
entrance and 4.6 at leaving. She missed the initial reading 
test bu.t in the final test made a score which placed her in 
grade 4.5 
Margaret made a one-year gain in arithmetic. At the 
beginning of the term she was ungradable in addition and in 
problem work. At the end she reached a grade equivalent of 
high-eighth in addltion, and low seventh in problem work. She 
retained the same grade level (H-5) in subtraction and multi-
plication bu.t made a three-year gain in division advancing from 
H-5 to H-8. On entrance her reading grade wqs 3.9. Her final 
test gave her a grade equivalent of 5.85 which was al.most a two 
year advance bu.t still one year below her school status. 
Leo made a nine-month grade gain in arithmetic according 
to his total scores. He showed a half-year's growth in addi-
tion, a year's growth in division, and a growth of a year and 
one-half in subtraction and multiplication. In his total read-
ing score he regressed one month. A gain of one month in 
paragraph comprehension was overcome by a three-month's re-
gression in word comprehension. 
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Mary made an arithmetic grade gain of two months in her 
total arithmetic score. She was still ungradable in addition 
and at the same level (H-2) in subtraction. In her total read-
ing score a gain of seven months was noted. This placed her 
three months in advance of her school grade. A one-year grade 
growth was made in word comprehension. 
Paul made a five month grade gain in arithmetic. He 
gained one year in addition, remained in gxade H-2 in sub-
traction, and reached H-2 in multiplication in which he was 
u.ngradable at the beginning of the term. He gained very sligh 
ly in reading but was still ungradable in reading in the final 
tests. 
5. Conclusions Concerning the Efficiency of the 
Remedial Measures 
It was not the purpose of this study to measure the rela-
tive efficiency of the remedial procedures used in this teach-
ing. It was the purpose to determine to what extent the diff-
iculties could be modified or removed. The teacher realized 
that some of the procedures were not approved by all education-
al authorities for general classroom use. With this highly 
individual work they were apparently fruitful. The first two 
of the procedures listed below were considered by the teacher 
to be the most vital. 
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1. Assignment cards made daily for each child and the 
selection of na:terials assigned inf.1nenced by the needs of the 
preceding day and by the criteria for good drill discnssed in 
another portion of this paper. 
2. Daily informal meetings with the teacher in which the 
successes and failnres of the previol1S day were discussed. 
Dnring this meeting an effort was made to make the child feel 
contented, and to inspire him to nee his best honest ef~:rt. 
3. Oral drill. 
4. Written drill. 
5. Flash card work. 
6. Stndent's hearing each other when their work was 
finished. 
7. Self-competition. 
8. Friendly competition in pairs. 
6. Conjectnres Concerning the Contribution of the 
Schools to Arithmetic Handicapa 
It might, perhaps, be better in this connection to speak 
of conjectures rather than conclusions. The writer feels that 
objective evidence has been presented in snpport of ~y state-
ment made concerning either the behavior or the achievement of 
the six children involved in this st\ldy. No claim, however, 
is made that factural evidence exists concerning the part play-
ed by the schools from which the children came in the develop-
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ment of their several handicaps. But close contact with the 
children over a period of six weeks resulted in some knowledge 
of their past school experience, on the basis of which the 
writer suggests as hypotheses, worthy, at least of considera-
tion, the following: 
The chief causes of children's failures and handicaps in 
arithmetic, from the standpoint of the school, are: 
1. Failure of teachers to recognize each step ofevery 
fundamental process. 
2. Failure of teachers to realize that the number combina-
tions are not of equal difficulty. 
3. Failure of teachers to consider the criteria for good 
drill. 
4. Failure of teachers to balance their work so that over-
learning of some facts and underlearning of others ~uld be 
avoided. 
5. Failure of teachers to demand automatism rather than 
"reasoning" of the combinations. 
6. Failure of many textbooks to present appropriate and 
scientifically distributed drill. 
7. Failure of teachers to recognize certain limitations 
in the power of transfer. 
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